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G  E. 


P  R  E  FA 


TN  the  Year  1733  1  publiftoed  an  Efl'qy  on 
Mufcular  Motion ,  founded  on  the  New¬ 
tonian  Philofophy  of  Attraction  and  Repul- 
fion  ;  and  though  the  Thoughts  ’were  haft iiy  put 
together ,  and  the  Performance  in  general , 
very  inaccurate,  yet  I  muft  own  I  have  not 
met  with  any  Reafon ,  fince  that  ‘Time,  to  alter 
my  Sentiments  in  regard  to  the  Caufe  and  Man¬ 
ner  of  Contraction  in  the  mufcular  Fibres. 

I  did  not  think  indeed  of  ingaging  myfelf  any 
further  in  folvjng  fuch  abftrufe  Phenomena  ; 
but  being  defined  by  my  ever  honoured  Friend,  Sir 
Hans  Sloane  Baronet ,  to  make  fame  Experi¬ 
ments  which  might  illujlrate  and  confirm  the 
Truth  of  my  Hypothecs,  I  readily  and  chear- 
fully  complied  with  his  Commands  ;  and  after¬ 
wards  I  drew  up  the  following  LeSlures , 
which  were  by  Order  of  the  Preiident  and 
Council  read  before  the  Royal  Society,  as 
the  Croonean  Lectures  for  the  Year  1747., 

purfuant 


II 


PREFACE. 


pmfuant  to  the  Will  of  the  late  Lady 
Sadleir  *. 

'The  Foundation  of  my  Scheme  is  laid  upon 
thofe  Hints  which.  Sir  Ifaac  Newton  has  given 
us  in  the  Queries  at  the  End:  of  his  incomp  a- 
ruble  Booh  of  Qpticks ;  together  with  what 
Hr.  Pemberton  has  faid  in  his  very  learned 
IntroduElion  to  Cowper  on  the  Mufcles.  How 
well  it  is  executed  is  mofi  humbly  fubmitted 
to  my  Superiors.  I  do  not  know  that  I  have 
advanced  any  thing  inconffent  with  true  Phi- 
lofophy  ;  or  to  any  of  the  known  Laws  of  the 
animal  Oeconomy.  I  have  the  SatisfaSlion  to 
fee ,  in  the  fecond  V olume  of  the  late  Hr. 
Defaguliers’j  experimental  Philofophy  §,  that 
he  approved  of  what  I  had  formerly  pub- 
lifloed ,  beyond  all  other  Accounts  of  Mufcular 
Motion  \  and  I  mufl  confefs ,  that  meeting 
with  Countenance  from  fo  good  a  fudge  gave 
me  great  Encouragement  to  purfue  the  En¬ 
quiry . v 


*  Whofe  firfl  Husband  was  Dr.  Croone,  and  at  bis  Requejl  theft 
Leisures  were  founded. 

§  Page  393. 
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MUSCULAR  MOTION. 


LECTURE  1. 


Read  at  a  Meeting  of 
the  Royal  Society,  oh 
March  5,  1746-7. 


SECT.  I. 

'  '  .  «.  »  *  > 

HE  external  Superficies 
of  every  Mufcle,  its 
Origin  and  Infertion, 
the  Ufe  of  its  Adion 
in  regard  to  the  Animal  Oeconomy,  from  what 
Plexus  the  Nerve  comes,  whence  the  Artery  which 
fupplies  it  arifes,  and  to  what  Vein  the  Blood  is  car- 
tied,  are  Difquifitions  very  worthy  the  Knowledge 
of  every  ‘Phjfi'cian  and  Surgeon ;  in  order  to  difco- 
>ver  the  true  Seats  and  Cauies  of  many  Complaints, 
and  to  point  out  the  moft  -rational  Methods  of  Cure. 


But  as  thefe  Refearches  have  nothing  to  do  with 
=the  immediate  Caufe  of  Mufcular  Motion  (the  Ex- 

A.  plication 


plication  of  which  feems  to  be  the  chief  Defign  of 
the  Learned  Founder  of  thefe  Le&ures)  I  fliall  wave 
all  fuch  Enquiries,  and  proceed  directly  to  invcfti- 
gate  by  what  Means  a  Mufcle  fo  inftantly  and  forci¬ 
bly  contrafts  itfelf>  or  fliortens  its  Length,  at  the 
Command  of  the  Wills  and  this  I  fhall  endeavour 
to  do  by  fuch  Rules  and  Laws  as  are  fimple,  unh 
form,  and  intirely  agreeable  to  the  known  Syftem 
of  the  Univerfe,* 

IIE 

In  order  to  the  eafier  Illuftration  of  this  wonder¬ 
ful  and  important  Property  in  the  Fibres,  I  fhall  give 
you,  ift,  An  analytical  View  of  the  component 
Parts  of  a  Mufcle.  2 dly^  I  fhall  fhew  the  true  Caufe 
of  Cohefioiv  Tenfion,  and  Elafticity  in  the  animal 
Fibres.^  idly,  I  fhall  make  it  appear,  that  every  Fi¬ 
bre  conftituting  a  Mufcle,  is,  in  its  ultimate  Divifion, 
tubular,  and  not  a  Chain  of  Veficles  or  Bladder 
And,  laftly ,  I  fhall  prove  it  to  be  more  than  pro¬ 
bable,  that  Mufcular  Motion  proceeds  from  the  at¬ 
tractive  Quality  of  the  condiment  Particles  of  every 
Fibre  being  increafed  and  ftrengthened  by  the  Addi¬ 
tion  of  fome  £thereal  Matter  flying  out  from  the 
Extremities  of  the  Nerves  $  and  that  this  is  inftantly 
occafion'd  by  the  Will,  and  ceafes  again  as  foon. 

IV. 

By  a  chemical  Analysis  of  a  Mufcle  difiedted  from 
the  Buttock  of  a  lean  Ox,  which  weigh'd  exactly 
two  Pounds  Averdupois,  I  procured. 


[  3  ] 

Oz.  *Dr*  Gr. 


i.  Lymph  — ~  - 

■2.  Volatile  Salt  — 

3.  Oil  —  <— 

4.  Caput  mortuum  ■ — - 

5 .  Loft  in  Diftillation,  which  I 
prefume  was  moftly  mere  Air 
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V. 

There  being  no  Averdupois  Weights  in  the 
Shops,  lefs  than  Quarters  of  Ounces,  I  order  d  fome 
to  be  made  of  a  Drachm,  and  others  of  two  Drachms„ 
The  Drachm  weigh'd  27  Grains;  fo  that,  by  calling 
up  the  Grains  into  Drachms,  and  the  Drachms  into 
Ounces,  we  have  the  exaft  Weight  of  each  of  the 
above  conftituent  Principles  according  to  the  Weight 
they  were  fuff  of  all  weigh'd  with. 


VI. 

It  may  be  proper  alfo  to  obferve,  that  the  Appa¬ 
ratus  I  made  ufe  of  in  this  Procefs,  was  the  fame 
which  I  communicated  a  Defer iption  of  to  the 
Society  fome  time  ago,  and  which  is  fince  publifhed  in 
the  T hilofaphicalTranfaBivns  N°.  475  j  except  that 
the  Retort  I  now  ufed  was  made  of  Copper,  in  or¬ 
der  that  I  might  remove  it  from  the  the  Sand-Heat 
into  the  adual  Fire,  without  unluting  any  Part  of 

A  2  the 
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the  Apparatus ,  when  no  more  Matter  would  arife 
by  means  of  the  Sand-Heat. 

VII. 

By  this  Method  ,!  could  increafe  the  Fire  till"'  the 
Bottom  of  the  Retort  was  red-hot,  without  any  Dan¬ 
ger  of  breaking  my  Recipients;  a  Contrivance  which 
may  be  ufeful  in  many  chemical  Proceffes. 


From  the  above-mentioffd  Experiment  we  have : 
evident  Proof  of  the  Proportions  and  Qualities  of  the 
feveral  Principles,  or  conftitutive  Parts  of  the  muf- 
cular  Fibres  5  and  let  no  one  be  furprifed  that  the 
watery  or  phlegmatic  Principle  abounds  fo  much  as 
to  be  nearly  {■§  Parts  of  the  whole  Mafs,  fince  we 
know  that  dried  Bones,  and  many  other  Things  as 
unpromifing,  afford  half  their  Weight  of  Water, 

ix; 

That  the  Particles  of  Water  are  endued  with  a' 
ftrongly  attracting  Power,  and  are  highly  ferviceable 
as  a  Band  of  Union  in  the  Formation  and  Growth 
*  of  every  thing,  animate  and  inanimate,  is  not  only 
manifeft  from  the  great  Quantity  employed  in  the 
Growth  of  Animals  and  Vegetables,  but  alfo  in  our 
own  manual  Operations,  fuch  as  making  feveral 
Sorts  of  Glue,  Paftes,  Bricks,  and  fuch  like,  where 
the  watery  Particles  prove  a  very  durable  and  pow¬ 
erful  Copula ,  and  are  not  to  be  all  of  them  feparated 

again. 


[5]  '  ■  . 

again,  even  by  a  very  intenfe  Fire :  Water  is  to  be 
regenerated  from  Bricks  and  Tiles  after  they  have 
been  burnt  in  the  Kiln, 

X. 

The  dried:  Wood,  Part  of  a  Mahogony-Table, 
which  had  flood  by  the  Fire  many  Years,  being 
rafped  and  put  over  the  Fire  in  a  Copper  Retort; 
afforded  a  confiderable  Quantity  of  Water. 

XI. 

In  fhort,  take  away  the  Water  from  the  moft  fo¬ 
lid  animal  and  vegetable  Bodies,  and  they  immedi¬ 
ately  become  mere  Duft. 

XII. 

T  don’t  apprehend  that  this  confiderable  Quantity 
of  Water,  which  is  to  be  procured  from  fuch  folid 
Subftances  as  Bricks,  Wood,  or  even  from  the  muf- 
cular  Fibres,  remains  in  diftind  Drops  or  Spherules, 
whilft  it  is  a  Part  of  fuch  folid  Subftances ,  but  I 
conceive  that  the  Minima ,  or  primary  folid  Particles 
of  W ater  may  be  attraded  by,  and  adually  joined  with, 
the  earthy,  faline,  and  other  component  Particles,  fo  as 
to  compofe  the  feveral  Degrees  ofHardnefs,  accord- 
ing  to  their  refpedive  Proportions  and  Qualities; 
and  when  thefe  feveral  conftituent  Principles  are 
difunited  again,  by  the  Power  of  Fire,  or  by  the 
Length  of  Time,  they  rife  up  into  the  Air,  or  into 


[  6  ] 

the  Recipient,  according  to  their  Divifibility  and 
Levity  j  firft  Water,  next  Salt,  then  Oil. 

XIII. 

Nature  Teems  to  delight  in  Tranfmutations.  Many 
Kinds  of  Fluids  are  eafily  converted  into  denfe  Bo¬ 
dies.  We  all  know  how  Toon  Water  is  capable  of 
being  turn’d  into  a  very  folid  friable  Stone,  by  the 
Power  of  Cold.  Mercury  alfo  is  eafily  turn'd  into 
a  hard  brittle  Metal ;  and  both  thefe  return  to  their 
former  State  of  Fluidity  by  means  of  Heat.  And  a 
Solution  of  Copper  in  Spirit  of  Nitre  being  pour'd 
on  Oil  of  Tartar,  both  Liquids  inftantly  become 
Yerdigreafe  in  a  dry  Powder. 

XIV. 

\  .  i  * 

From  what  has  been  Laid  we  may  obferve,  that 
Water,  or  the  watery  Particles  not  only  make  up 
much  the  greateft  Part  of  the  mufcular  Fibres,  but, 
by  mutually  attracting,  and  being  attracted  by  the 
other  component  Particles,  they  greatly  contribute 
towards  their  Cohefion  and  Elafticityj  for  a  fluid 
Particle  will  be  fixed,  and  become  a  Part  of  a  Solid, 
.as  foon  as  there  is  an  attractive  Force  fufficieent  to 
effed  its  Cohefion  with  the  other  folid  Parts,  though 
it  returns  to  its  former  State  of  Fluidity  upon  the 
Analyfis  of  the  compounded  Body. 

XV, 

I  would  not  by  this  be  underftood  as  if  I  defign'd 

-V 

to  exclude  .the  other  Principles  from  their  Share 

which 
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which  they  give  to  the  true  Degree  of  Firmnefs  and 
Elafticity  in  the  Fibres;  the  (aline,  fulphurcous,  and 
earthy  Parts  are  all  endued  with  a  ftrongly  attracting 
Power }  and  when  brought  into  Contact  with  each 
other,  or  with  the  watry  and  aereal  Particles,  they 
give  Firmnefs  and  Solidity  to  the  Compofition. 

XVI. 

Water  feems  to  be  the  Gluten  by  which  the  other 
Principles  are  wrought  up.  Too  much  Water  in  the 
Compofition  renders  the  Fibres  foft  and  lax  ;  as  in 
Children,  and  anafarcous  People.  Too  little  Moift- 
ure  occasions  a  ftiff,  rigid  Fibre;  as  in  old  Age. 
There  is  a  certain  Degree  of  Textufe  and  Cohefion 
neceffary  towards  mufcular  Motion  in  its  greateft 
Strength.- 

XVII. 

I  have  fhewn  in  a  former  Treatife  *,  that  Air  is 
very  inftrumental  in  fixing  and  uniting  the  other 
Principles  which  conftitute  an  animal  Fibre;  for  in 
the  mod  folid  Parts  of  the  Body*  where  the  Cohe- 
iion  is  ftrongeft,  we  find  great  Plenty  of  Air.  That 
the  Air -Particles  are  capable  of  being  united,  and 
fix'd  to  folid  Bodies,  and  by  that  means  may  be 
efteemed  a  Part  of  their  Compofition,  we  have  many 
evident  Proofs  in  Dr.  Hales  $  Analyfis  of  the  Air  ; 
and  that  thofe  Particles  do  in  their  fixed  State 

flrongly 


*  Modern  Theory  of  Phyfic,  p.  56. 

7 


[ « ] 

ftrongly  attract  the  other  component  Particles,  is 
evident,  it  being  well  known,  that  the  moll  ftrongly 
repelling  and  elaftic  Particles,  when  in.  a  feparatc 
State,  are  the  moil:  ftrongly  attracting,  when  fixed  to 
other  Bodies* 

XVIII. 

Now,  according  to  Dr.  Hales ,  fince  a  much  greater 
Proportion  of  Air  is  found  in  the  folid  than  in  the 
fluid  Parts  of  Bodies  5  may  we  not  with  good  Rea- 
fon  conclude,  that  it  is  very  inftrumental,  as  a  Band 
of  Union  in  thofe  Bodies j  thofe  Particles  (as  Sir 
Ifaac  Newton  obferves*)  receding  from  one  ano¬ 
ther  with  the  greateft  rcpulftve  Force,  and  being  moft 
difficultly  brought  together,  which  upon  Conta& 
cohere  moft  ftrongly  £  And  if  the  Attraction  or  Co- 
hefion  of  an  unelaftic  Air- Particle  be  proportionable 
to  its  repulftve  Force  in  an  elaftic  State,  then  fince 
its  elaftic  Force  is  found  to  be  vaftly  great,  fo  muft 
that  of  its  'Cohefion  alfo.  Let  us  add  to  this,  that 
the  Air  generated  from  the  fleffiy  Fibres,  in  the  Ex¬ 
periment  above-mentioned,  was  not  feparated  with¬ 
out  great  Violence  5  for  it  did  not  rife  in  any  Quan¬ 
tity,  till  the  Clouds  did,  which  contain'd  and  bi ought 
over  the  Salt  and  Oil :  Whence  it  is  evident  that  the 
aereal  Particles  are  firmly  fix’d,  and  confequently  are 
very  inftrumental  in  the  Union  of  the  other  con¬ 
diment  Principles* 


Opt.  $u.  31. 


XIX. 


XIX. 


k  ■  V  -  ' 

Sir  Ifaac  Newton  *  thinks,  that  not  only  W atet 
and  Air  are  convertible  into  denfe  Bodies,  but  that 
even  Light  may  become  a  Part  of  grofs  Bodies,  and 
that  they  may  receive  much  of  their  A&ivity  from 
the  Particles  of  Light  which  enter  their  Compofitiom 
It  is  the  Opinion  alfo  of  Monf.  Homberg ,  that  Light 
or  Fire  is  a  Part  of  the  Compolition  of  all  Things  > 
though  in  the  Analyfis  of  Bodies  it  is  always  loft, 
efcapingthe  Skill  of  the  Artift,  and  palling  through 
the  clofeft  Veffels. 


We  all  know  that  foiar  Fire,  or  Light,  adds 
Weight  to  Lead,  Tin,  or  Regulus  of  Antimony* 
when  expofed  to  the  Fire  of  a  burning  Glafs,  though 
they  otherwife  lofe  much  in  Smoak  and  Steam.  But 
to  proceed : 

XXL 

Thefe  then  being  then  the  component  Parts  of 
the  mufcular  Fibres,  our  next  Task  is  to  Ihew  the 
Caufe  of  their  Tenfion  and  Elafticity* 

XXII. 

That  all  the  mufcular  Fibres  of  the  Body  are  in 
a  State  of  T  enfion,  during  Health,  is  manifeft  from 

every 

I 


*  Opt.  30. 
B 
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every  Incifion  made  acrofs  them,  when  the  two 
Segments  of  the  Mufcle  fo  divided,  retire,  one  to  its 
Infertion,  and  the  other  to  its  Origination  5  that  is, 
every  Fibre  is  always  ftretched  out  beyond  its  natu¬ 
ral  State  of  Reft  or  Quiefcgnce,  fo  that  both  Ends 
of  it  tetrad  a  confiderable  Diftance  after  being  cut 
afunder.  Now  there  are  two  Things  which  feem  to 
be  principally  concerned  in  this  Affair  j  viz.  the 
Imp  ill  fc  and  PrelTure  of  the  circulating  Fluids,  always 
diftrading  the  Fibres,  and  a  conftant  Nifus  or  En¬ 
deavour  in  the  conftituent  Particles  of  the  Fibres  to 
run  clofer  together,  when  fo  diftended,  by  means 
of  their  mutual  Attradion  towards  each  other. 

XXIII. 

The  Equilibration  which  is  ever  preferved  between 
the  antagonift  Mufcles,  in  a  healthy  State,  unlefs 
when  the  Will  direds  it  other  wife,  arifes  from  this 
Vis  Rejlitutionis  5  which  being  ftronger  or  weaker  ac¬ 
cording  to  the  Degrees  of  Tenfion,  and  the  Degrees 
of  Tenfion  depending  upon  the  Velocity  and  Quan¬ 
tity  of  Fluids  circulating  through  every  Fibre ;  it 
follows,  that  as  long  as  the  Fluids  have  the  fame  free 
Accefs  to  every  voluntary  Mufcle,  fo  long  will  the 
C/ Equilibrium  be  maintained. 

XXIV. 

In  an  Eflay  which  I  publifh’d  on  this  Subjed  of 
mufcular  Motion,  in  the  Year  1733,  I  endeavoured 
to  prove  that  every  the  leaft  Corpufcle  of  Matter  is 
endued  with  an  attractive .Virtue  on  one  of  its  Sides, 

and 


and  a  repulftve  Power  on  the  other,  foriiethingfimi- 
]ar  to  the  Loadftone;  and  this  I  was  fir  ft  of  ail  in¬ 
duced  to  believe,  from  what  Sir  Ifaac  Newton  ob« 
ferves  in  his  Opticks,  £j)u.  31* 

XXV. 

When  any  faline  Liquor  {fays  he)  is  evaporated 
to  a  Cuticle,  and  let  cool,  the  Salt  concretes  in  re  * 
gular  Figures 5  which  argues,  that  the  Particles  of  the 
Salt,  before  they  concreted,  floated  in  the  Liquor, 
at  equal  Diftances,  in  Rank  and  File  5  and  by  Con- 
fequence,  that  they  acted  upon  one  another  by  fome 
Power,  which  at  equal  Diftances  is  equal,  at  unequal 
Diftances  is  unequal:  For,  by  fuch  a  Power,  they  will 
range  themfelves  uniformly,  and  without  it  they  will 
float  irregularly,  and  come  together  as  irregularly.  And 
fincethe  Particles  of  Chryftal  ad  all  the  fame 

Way  upon  the  Rays  of  Light,  for  caufing  the  un~ 
ufual  Refradion,  may  it  not  be  fuppofed,  that  in 
the  Formation  of  this  Chryftal,  the  Particles  not  only 
ranged  themfelves  in  Rank  and  File  for  concreting 
in  regular  Figures,  but  alfo,  by  fome  kind  of  polar 
Virtue,  turned  their  homogeneal  Sides  the  fame 
Way? 

XXVI. 

And  again,  we  are  taught  by  the  fame  Great  Man, 
that  Fire  is  the  moft  Ample  of  all  known  Bodies, 
and  confequently  the  moft  immutable;  that  each 
Ray  of  Fire  or  Light  has  Sides  differently  affeded, 
and  which  have  different  Properties  5  and  that  Iceland 

B  z  Chryftal 
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Chryftal  is  found  to  attraft  a  Corpufcle  of  Fire,  if  one 
of  its  Sides  be  turned  towards  the  Chryftal, and  repel  it, 
if  the  other  be ;  for  one  and  the  fame  Ray  is  here 
refrafted  fometimes  after  the  ufual,  and  fometimes 
after  the  unufual  manner,  according  to  the  Pofition 
which  its  Sides  have  to  the  Chryftal  ,  and  fince  the 
Chryftal,  by  this  Difpofition  or  Virtue,  does  not  aft 
upon  the  Rays,  unlefs  when  one  of  their  Sides  of 
unufual  Refraftion  looks  towards  that  Coaft,  this  argues 
a  Virtue  or  Difpofition  in  thofe  Sides  of  the  Rays, 
which  anfwers  to,  and  fympathizes  with,  that  Virtue 
or  Difpofition  of  the  Chryftal,  as  the  Poles  of  two 
Magnets  anfwer  to  one  another. 

XXVI L 

We  are  fully  perfuaded,  that,  in  the  Chryftalliza- 
tion  of  Salts,  they  could  not  fo  regularly  and  con- 
ftantly  preferve  their  peculiar  Shapes,  Forms,  and 
Figures,  if  every  Particle  of  them  had  not  its  de¬ 
terminate  Poles :  For  granting  that  the  component 
Particles  of  each  kind  of  Salt  have  a  peculiar  Shape 
and  Size,  different  from  any  other  kind  of  Salt,  yet 
if  they  had  a  Power  of  uniting  with  each  other 
indifferently,  at  their  Tops,  Sides,  and  Bottoms, 
one  would  think  they  could  not  always  coalefce 
into  Chryftals  of  the  fame  regular  Figure :  But  if 
the  conftituent  Particles  of  every  kind  of  Salt  have 
their  determinate  Poles,  then  they  cannot  poflibly 
unite  with  each  other,  but  when  their  Poles  fquare 
with  one  another,  and  confequently  they  will  always 
fly  together,  and  be  joined  at  fuch  Points,  only  where 
their  correfponding  Poles  are  ;  which  muft  of  courfe 
conftantly  produce  the  fame  regular  Form  and  Figure 

in 


in  every  Aggregate  of  fuch  particular  faline  Par¬ 
ticles. 

XXVIII. 

I 

Hence  it  is,  that  Salt  Armoritac  fo  elegantly  imi¬ 
tates  the  Branches  of  a  Tree.*  Salt  of  Hartfhorn  a 
Quiver  of  Arrows ;  Salt  of  Tin  Ihoots  into  Lines  like 
little  Needles,  which  fpread  themfelves  every  Way 
from  a  Point,  as  from  a  Centre,  fo  as  to  reprefent 
a  Star,  &c.  Now  can  it  be  imagined  that  thefe,  or 
any  other  kind  of  Salts,  would  immutably  and  per¬ 
petually  coalefce  into  Chryftals  of  the  fame  regular 
Figure  and  Shape  from  any  other  Principle  ? 

XXIX* 

«  ,  A  ' 

Since '  therefore  we  have  fo  much  Reafon  to  be¬ 
lieve  that  Salts  of  all  kinds,  and  even  the  Rays  of 
Light  are  endued  with  a  polar  Virtue,  that  is,  every 
Corpufcle  attra&s  on  one  of  its  Sides,  and  repels  on 
the  other  5  and  lince  it  is  a  well  known  Axiom,  that 
Nature  is  ever  frugal  in  Principles ,  I  think  it  not 
at  all  unphilofophical,  or  contrary  to  any  of  the 
known  Laws  of  Nature,  to  believe  that  every  Parti¬ 
cle  of  Matter  in  the  World  is  endued  with  an  at¬ 
tractive  and  repulfive  Property. 

XXX, 

♦ 

Thus  then,  if  the  conftituent  Corpufcles  of  the 
mufcular  Fibres  are  formed  together  according  to 
this  Law,  if  they  are  all  united  at  particular  Points 

cor- 
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correfpo.nding  to  their  attractive  Virtue,  it  follows, 
that  wherever  a  mufcular  Fibre  is  ftretched  out  to 
the  leaf!  Degree  of  Tenfion,  feme  of  its .  Particles 
will  touch  each  other  in  fewer  Points,  whilft  others 
may  poffibly  be  difunited  and  removed  from  each 
other,  though  perhaps  to  inconceivable  fmall  Dis¬ 
tances:  Hence  there  will  be  a  conftant  Nifus  in  the 
feparated  Particles  to  get  together  again  5  and  this 
Vis  Refiitutionis  will  be  ftronger  or  weaker,  ac¬ 
cording  to  the  Number  of  Corpufcles  fo  disjoined? 
and  their  attractive  Virtue. 

‘  ;  N  -  ••  •-  -  —  *  ■  ‘  *  '  I  '■  *“* 

XXXL 

If  the  Power  of  the  circulating  Fluids  (and  I  think 
it  cannot  be  denied)  be  fufficient,  from  the  firft  Be¬ 
ginning  of  the  Circulation  of  the  Foetus ,  and  fo  on 
as  long  as  Life  continues,  to  diftend  the  Fibres  be¬ 
yond  the  Size  they  would  otherwife  be  of,  by  rea- 
fon  of  their  corpufcular  Attraction  5  this  diftraCfile 
Power  muft  always  be  the  Occafion  of  fome  De¬ 
gree  of  Tenfion  in  them  :  And  if,  upon  the  Remo¬ 
val  of  this  Tenfion,  the  component  Particles  have  a 
Property  of  running  clofer  together,  and  contract¬ 
ing  the  Fibres  in  their  Length,  by  the  means  above- 
mentioned,  this  muft  be  the  true  Caufe  of  Eiafticity 
in  the  Fibres, 

XXXII. 

Hence  therefore  it  follows,  that  fince  the  Fibres 
are  always  in  a  State  of  DiftraCtion,  by  the  Quantity 
and  Momentum  of  the  circulating  Fluids,  and  as  they 
are  ever  endeavouring  to  fhorten  themfelves,  by 
means  of  their  corpufcular  Attraction?  their  Eiafticity 

muft 
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muft  depend  upon  Tenfion;  for  the  Fibres  could 
have  no  Power  to  retract,  or  abbreviate  their  Length 
unlefs  they  were  extended  beforehand  by  feme  cer¬ 
tain  Force. 

XXXIII. 

It  is  not  a  fufficient  Objedion  againft  this  Scheme 
to  fay,  that  if  we  depend  upon  what  is  viftble,  we 
fhall  never  fee  the  dry  folid  Fibres,  or  Particles  of 
any  folid  Body,  once  divided  or  drawn  out  of  Con- 
tad,  coalefce  or  unite  again,  or  recover  the  clofe 
Conrads  they  had  before  5  without  fome  fluid  Me¬ 
dium  fuperadded. 

XXXIV. 

?Tis  true,  when  a  vifible  Crack  or  Flaw  happens 
in  any  dry,  hard,  folid  Body,  Inch  as  a  Steel-Spring, 
or  a  dry,  rigid,  wooden  Bow,  the  Rupture  will  al¬ 
ways  continue,  by  reafon  the  fever'd  Particles  can¬ 
not  be  brought  again  into  the  Sphere  of  each  other  s 
Attradion  without  the  Intervention  of  fome  Me¬ 
dium  5  but  then  it  does  not  follow  from  hence,  that 
fuch  a  Spring  or  Bow  cannot  be  bent  at  all  with- 
outbreaking  5  or  that  the  conftituent  Particles,  which 
mud  necefiarily  be  difplaced  by  fuch  a  diftending 
Power,  do  not  fly  together  again  by  their  attradive 
Virtue,  when  removed  only  to  fuch  minute  Dif- 
tances. 

XXXV. 

The  Minima ,  or  primary  Atoms  of  all  Bodies  are 
non-elaftic,  as  be  ing  perfe&ly  hard,  folid,  and  infe- 
parable ;  and  therefore  Elafticity  muft  proceed  from 
the  Aggregate,  or  Compofition  of  fuch  Atoms,  which, 

by 
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by  being  capable  of  changing  their  Situations,  ac¬ 
cording  to  the  imprefled  Force,  and  being  endued 
with  a  powerful  attradling  Virtue,  they  inftantly  re¬ 
fume  their  former  Pofitions,  when  left  to  themfelves 
to  obey  thofe  Laws  which  the  Great  Creator  hath 
imprefs'd  upon  them.  As  for  Inftance:  Whilft  a 
common  Steel  Spring,  or  any  fuch  elaftic  Body,  is 
not  extended  or  bent,  we  prefume  every  individual 
Particle  of  it  to  be  at  Reft  5  that  is,  they  are 
all  fituated,  in  regard  to  each  other,  according  to 
their  Poles,  and  embrace  one  another  by  their  com¬ 
mon  Principle  of  Attraction ;  but  no  fooner  is  fuch 
a  Spring  bent,  by  fome  imprefled  Force,  but  many 
of  its  Particles  on  the  convex  Side,  muft  of  courfe 
touch  in  fewer  Points,  or  perhaps  be  disjoin'  d  from 
each  other,  though  to  the  moft  minute  Diftances 
that  can  poflibly  be  5  whilft  other  Particles,  on  the 
concave  Side  of  the  Spring,  muft  neceflarily  flip 
upon,  or  be  crouded  over  one  another.  Hence  it 
will  follow,  that  if  thofe  Particles  which  are  fepa- 
rated  from  each  other,  or  touch  one  another  in 
fewer  Points  than  ufual,  are  yet  fo  near  each  other 
as  to  be  within  their  Sphere  of  Attra&ion,  and  not 
at  all,  or  very  little  alter'd  in  regard  to  their  Poles, 
they  will  conlequentiy  attract  each  other  very  ftrongly, 
and  fly  together  again,  as  loon  as  the  imprefled 
Force  is  removed;  whereas  it  is  no  unreafonable  Com 
jedture  to  fuppofe,  that  thofe  Particles  on  the  concave 
Side  of  the  Spring,  which  are  comprefied,  and  as  it 
were  rumpled  over  one  another,  may  be  fo  much 
alter'd  from  their  former  Pofitions,  that  their  Poles 
do  not  now  anfwer  to  each  other ;  and  if  not,  they 
will  repel  one  another,  according  to  their  refpedtive 

;  ,  Power 
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Power s,  till  they  have  attain'd  their  former  Situa¬ 
tions,  or,  in  other  Words,  till  the  Spring  has  reco¬ 
ver'd  its  former  Shape, 

XXXVI. 

The  fame  Principles  of  Attraction  and  Repulfion 
are  the  Caufe  of  Refutation  or  Elafticity  in  all  other 
kind  of  Bodies.  When  a  mufcular  Fibre  isftretched 
out  longer  than  ufual,  it  is  molt  certain  that  fome  of 
its  component  Particles  muft  flip  upon  or  by  one 
another,  or  elfe  be  removed  at  exceeding  fmall  Di- 
fiances  from  each  other  ;  fo  that  if  the  imprefled 
Force  be  too  violent,  if  the  Tenfion  be  carried  fa 
far  as  to  disjoin  a  great  Number  of  the  component 
Particles  beyond  their  Sphere  of  Attraction,  the  Fh 
bre  will  continue  to  grow  weaker  and  weaker  till  it 
breaks:  But  it  is  as  evident,  on  the  other  Side,  that 
when  a  ftretched-out  Fibre  does  not  break,  but  te¬ 
trads  itfelf  into  its  former  Shape  and  Dimenfions, 
upon  the  Removal  of  the  extending  Power,  the  Par¬ 
ticles  which  were  difplaced  return  again  to  their 
proper  Pofitions,  merely  by  the  means  of  their  at¬ 
tractive  Virtue. 

\  i 

XXXVII. 

Now  all  this  being  fo  agreeable  to  thofe  Laws  of 
Nature  which  that  divine  Man  Sir  Ifaac  Newton 
has  difcover'd  to  us,  I  think  we  have  good  Reafon 
to  conclude  it  to  be  the  true  Caufe  of  Elafticity  in  the 
animal  Fibres. 

C  XXXVIIL 


XXXVIII. 


The  Elafticity  in  the  Air  indeed,  or  in  Water 
agitated  by  Fire,  or  in  all  the  Exhalations  proceed¬ 
ing  from  the  Earth,  arifes  from  the  Principle  of 
Repulfion  only;  for  the  Particles  of  Vapours,  Exha¬ 
lations,  and  Air,  ftand  at  a  Diftance  from  one  an¬ 
other,  and  endeavour  to  recede  as  far  from  one  an¬ 
other  as  the  Preffure  of  the  incumbent  Atmofphere 
will  admit  them.  No  Power  yet  known  is  able 
to  comprefs  the  Air-Particles  within  the  Sphere  of 
their  Attradion  towards  each  other,  fo  as  to  deftroy 
their  elaftic  Property  5  and  yet  Angle  primary  Partb 
cles  of  Air  are  continually  attraded  by  other  Bodies, 
and  confolidated  with  them,  till  by  the  Adion  of 
Fire,  or  Fermentation,  they  are  feparated  again,  and 
reftored  to  their  repulfive  State. 

t  *  *  • 

XXXIX. 

Hence  we  may  obferve,  that  Elafticity,  in  differ¬ 
ent  kinds  of  Things,  or  in  Matter  differently  mode¬ 
lled,  may  arife  from  two  feveral  Caufes,  viz.  At¬ 
traction  and  Repulfion  j  and  perhaps,  in  many  In- 
ftances,  from  the  Influence  of  both  at  one  and  the 
fame  time. 


XL. 

Whenever  any  kind  of  Matter  is  aduated  by  Fire, 
by  Fermentation,  or  diffolved  by  any  Menftruum,  fo 
as  to  throw  off  its  Panicles  in  fubtile  Vapour,  there 
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will  be  a  conftant  Endeavour  in  thofe  Particles  to 
recede  further  from  each  other;  fo  that  the  more 
they  are  confined,  or  comprefied,  the  greater  will 
be  their  elaftic  Power  :  Whereas  in  folid  Bodies,  this 
Property  of  Elafticity  proceeds  chiefly  from  Attrac¬ 
tion,  or  a  Nifus  in  the  component  Particles  to  fly 
back,  or  run  into  clofe  Contacts  again,  whenever 
they  happen  to  be  ftretched  out,  or  bent,  fo  as  to 
touch  each  other  in  fewer  Points, 

XLI. 

From  what  has  been  faid  we  may  deduce  the 
following  Corollary ,  viz*  That  whenever  Elajlicitf 
proceeds  from  the  Principle  of  Repulfion,  as  it  does 
in  Air,  Vapours,  fome  CompreJJion  is  neceffary, 
in  order  to  force  the  elaftic  Matter  into  a  narrower 
%  Compafs  than  it  would  otherwife  poflefs >  but  when 
it  arifes  from  Attraction,  as  in  the  mufcular  Fibres, 
and  all  folid  Bodies,  fome  diflraffiile  Force  is  requi- 
iite  to  disjoin  the  component  Particles  from  their 
ufual  Conta&s,  before  it  can  exert  its  Power;  and 
perhaps,  for  want  of  attending  to  this  Difference, 
fo  many  various  Opinions  may  have  arifen  concern¬ 
ing  the  Caufe  of  Elafticity. 

XLII. 

*  i 

In  my  next  Lecture  I  fhall  confider  the  Shape 
of  the  mufcular  Fibres,  and  the  Caufe  of  mufcular 
Action. 


C  2 


L  E  C- 


[20] 


LECTURE  II. 


XLIII. 

Read  March  25*TTN  my  former  Lecture  I  endeavour'd 
3747  A  to  explore  the  feveral  condiment 

Principles  of  the  mufcular  Fibres,  and  to  (hew  the 
true  Caufe  of  their  Cohefion,  Tendon,  and  Elafti- 
city.  In  this,  I  hope,  I  fball  make  it  appear,  ifiy 
That  every  Fibre  conftituting  a  Mufcle  is  tubular , 
and  of  a  cylindrical  Shape,  or  very  nearly  fuch, 
and  not  a  String,  or  Chain  of  Bladders,  according 
to  an  Hypothecs  which  has  been  too  long  and  too 
generally  received.  2 dlyy  That  the  corpufcuiar  At¬ 
traction  between  the  component  Particles  of  the  Fi¬ 
bres  is  fo  far  increafed  and  drengthen’d  by  the  In¬ 
fluence  of  rhe  nervous  zyEthery  which  is  always  at 
the  Command  of  the  Will,  as  to  purfe  up  and 
Shorten  every  Fibre  in  its  Length,  whereby  an  In- 
tumefcence  arifes  in  the  Belly  of  the  Mufcle,  though 
it  is  contracted  in  its  other  Dimenfions,  fo  as,  in 
the  Whole,  to  poffefs  lefs  Room. 

XLIV. 

Being  favoured  with  the  Ufe  of  a  mod  excellent 
Microfcope,  1  made  the  following  Experiments. 

»/> 


ift,  I  divided  feme  Fibres  as  minutely  as  I  poflibly 
could,  from  the  Heart  of  an  Ox,  from  a  Part  of  the 
Diaphragm,  from  the  intercoftal  Mufcles,  and  from 
a  Rump  of  Beefi  all  which  were  boiled  to  fuch  a 
Degree  of  Tendernefs,  that  we  feparated  fome  Fi¬ 
bres  with  the  Point  of  a  Needle,  which  were  not 
vifible  till  placed  under  the  Microfcope,  and  even 
then  they  did  not  appear  bigger  than  Hairs,  though 
others,  which  looked  like  Hairs  to  the  naked  Eye, 
were  magnified  to  the  Size  of  Wheat-Straws.  All 
theie  feem'd  to  be  Fafcicles  of  continued  Tubes,  as 
far  as  we  could  view  them,  without  any  Partitions 
or  Cells. 

XLVL 

idly  Upon  rending  a  Mufcle,  which  was  taken 
from  a  Knuckle  of  Veal,  and  boil'd  for  four  or  five 
Hours,  feveral  of  the  tranfverfe,  as  well  as  longitu¬ 
dinal  Fibres  appear'd  very  diftin&ly  5  which  being 
placed  under  the  Microfcope,  and  having  a  ftrong 
focal  Light  cafl:  upon  them  by  means  of  a  Florence 
Flask  fill'd  with  Water,  they  feem'd  to  be  fhrunk 
up,  either  by  being  boil'd  fo  long,  or  by  being  ex¬ 
posed  to  the  Air,  fo  that  their  Surfaces  feemed  to  be 
unequal  and  corrugated  5  which  is  what  Mr.  Leeu¬ 
wenhoek  *  fays  deceived  him  at  fixft,  fo  as  to  make 

him 
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him  think  thefe  Corrugations  w£re  fo  many  Vefi- 
cles  or  Cells  5  but  he  fooa  difcover'd  his  Miftakc. 
In  fome  of  the  Fibres  I  could  plainly  difcern  a  dark 
Lift  running  in  the  Centre,  from  one  End  to  the 
other?  but  what  it  was,  I  could  not  difcover. 

XLVIL 

idly.' Having  ohferved  the  mufcular  Fibres  in  the 
Leg  of  a  Sea-Crab  to  divide  very  eafily  and  diftindtly 
from  one  End  of  the  Mufcle  to  the  other  $  we  placed 
a  great  many  of  them  under  the  Microfcope,  but  could 
not  difcern  any  thing  like  Partitions  or  Cells. 

XL  VIII. 

In  fhort,  Mr.  Leeuwenhoek  *  affiires  us,  that  the 
minuteft  Fibres  that  are  vifibie  to  the  naked  Eye 
appear  through  a  good  Microfcope  to  be  invefted 
with  a  Membrane,  which  includes  within  it  not  one 
Ample  Body,  but  a  Bundle  of  ftill  finer  Fibres,  the 
laft,  or  fmalleft  Order  of  which  he  thinks  to  be 
Ample  hollow  Tubes. 

XLIX. 

This  perhaps  is  as  good  Authority  as  we  can  have 
from  the  Affiftance  of  Microfcopes  j  but  if  we  may 
be  allowed  to  deduce  our  Arguments  from  the  Ana- 
logy  which  the  mufcular  Fibres  bear  to  fome  other 

Parts 
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Parts  of  the  Body,  whofe  Shapes  we  are  well  ac¬ 
quainted  with,  the  Reafonablenefs  of  this  Opinion 
may  appear  yet  ftronger, 

L. 

All  Anatomifts  agree,  that  the  mufcular  Fibres 
have  their  Rife  from  the  Extremities  of  the  Nerves 
and  Blood-Veffels;  every  Fibre  being  fupplied  by  a 
Branch  of  a  Nerve,  and  an  Artery,  and  having  alfo 
a  Vein  arifing  from  it. 

LI. 

That  the  nervous  Capllamenta  are  Cylinders 
is  not  denied  by  any  one  that  I  know  of;  and 
though  the  Arteries  have  been  for  a  great  while 
thought  to  be  conical,  yet  the  ingenious  Dr.  John 
Stephenjon  *  Fellow  of  the  Royal  College  of  Phyfi - 
dans  at  Edinburgh  hath  evidently  demonftrated  the 
whole  arterial  Syftem  to  be  Cylinders,  frequently 
divided  and  fubdivided,  Bill  terminating  in  Numbers 
of  fmall  Cylinders,  the  Aggregate  of  which  is  always 
of  greater  Capacity  than  the  Trunk  or  larger  Cylin¬ 
der  before  the  Ramification. 

LIE 

/  V 

May  we  not  therefore  very  reafonably  believe, 
from  the  Simplicity  and  Uniformity  in  all  the  Ope¬ 
rations  of  Nature,  that  the  mufcular  Fibres  partake 

of 
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of  the  fame  Figure  with  thofe  from  whence  they 
have  their  Rifes  efpecially  when  fuch  a  Shape  (as 
will  appear  in  the  Sequel)  is  more  proper  for  all  the 
Fun&ions  of  a  Mufcle  than  any  other  whatfoevef> 


Lin. 

I  don't  mean  by  this,  that  every  Fibre  of  every 
Mufcle  is  a  perfect  and  regular  Cylinder  from  one 
End  to  the  other  j  many  of  them  may  be  thicker 
in  their  Coats,  and  larger  in  their  Bores  about  the 
Middle  than  towards  each  End,  fimiiar  to  the 
Shape  of  the  Mufcle 5  but  what  I  think  the  mod 
reafonable  Opinion  is,  that  the  fmalleft  Vihnllte  are 
hollow  Tubes  not  divided  into  an  infinite  Number 
of  Cells  or  Veficles. 


LIV. 

The  longitudinal,  red,  flefhy  Fibres  feem  indeed 
to  be  contorted  and  bound  about  in  many  Places, 
with  white,  fpiral,  and  tranfverfe  Ramifications  of 
the  Nerves  5  but  I  can  fee  no  Re  a  foil  to  believe 
that  thefe  nervous  Filaments  divide  the  longi¬ 
tudinal  flefhy  Fibres  into  feveral  Apartments  or 
Cells  3  I  rather  think  that  they  only  dip  into  the 
Cavities  of  the  Fibres,  in  order  to  convey  into  them 
the  tethered  Medium ,  which  is  contained  in  the 
Nerves. 


1 
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Before  the  Laws  of  Nature,  and  the  Animal 
Oeconomy  were  fo  well  known  as  they  are  now,  I 
don't  wonder  that  the  veficular  Scheme  was  thought 
a  reafonable  one,  till  it  came  to  be  examined  by 
ftridt  Rules  and  Experiments.  The  common  Experi¬ 
ment  of  railing  Weights  by  blowing  up  Bladders 
might  feem,  at  firft  Sight,  a  very  feafible  Way  of 
explaining  mufcular  Motion ;  and  without  Doiibt 
this  firfl:  of  all  gave  Birth  to  the  veficular  Hypothecs. 

'  v  '■  ,  ,  X  f  -v 

LVI. 

r,  -  "  '  •  ,  ■  S  ( fl  ■  \  r  f  •-'■■■  -  ’  *•(. 

But  the  fallacy  of  this  Experiment  was  not  dis¬ 
cover’d  for  want  of  attending  to  the  Difference  be¬ 
tween  Bladders  which  have  been  already  blown  up* 
and  dried,  and  fuch  as  are  recent  and  fupple. 


If  a  String  of  dry  Bladders,  which  have  been  once 
diftended  as  far  as  they  could  bear  without  burfting, 
and  are  now  again  fqueezed  clofe,  and  ftretched  out 
only  in  their  Length,  by  means  of  a  Weight  hung 
at  their  Bottom;  1  fay,  if  fuch  a  String  of  Bladders 
be  blown  up,  it  will  undoubtedly  diftend  their  tranf- 
verfe  Diameters  fo  as  to  raife  up  the  Weight:  But 
in  all  tender  yielding  Veficles,  fuch  as  the  mufcular 
Fibres  moft  certainly  are,  in  their  laft,  or  fmalleft 
Order,  it  is  well  known,  that'  if  they  were  to  be 
inflated  with  Air,  or  any  fuch-like  Matter,  it  would 
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them  in  every  Dire&ion  alike ;  they  would  grow 
longer  as  well  as  wider.  Hence  it  follows,  that  if 
the  abovemention’d  Experiment  was  to  be  made 
with  Bladders  juft  as  they  are  taken  out  of  animal 
Bodies,  it  would  not  anfwcr  the  Purpofe,  as  is 
evident  from  blowing  up  thofe  of  Calves,  Hogs, 
&c. 

LVIII. 

”  ✓  **'  '  ’  "  .. 

N  *  *  -if  >. 

The  mufcularTibres,  it  is  true,  are  always  in  a 
State  of  Tendon,  but  then  this  Tendon  is  very  far 
from  being  to  their  utmoft  Stretch ;  fo  that,  were 
they  to  be  inflated  in  the  manner  above-mentioiVd, 
every  Mufcle  would  neceflarily  increafe  in  Length  as 
well  as  Breadth. 

L1X. 

Another  infuperable  Difficulty  belonging  to  the 
vedcular  Hypothecs ,  is  how  to  blow  up  a  Bladder 
open  at  both  Ends  5  which  every  Vedcle  is  fuppofed 
to  be,  by  having  a  free  Communication  with  the 
Blood-velTels. 

LX.  , 

»  & 

Having  therefore  fo  much  Reafon  to  conclude? 
that  the  mufcular  Fibres,  in  their  ultimate  Dividons, 
are  not  cellular,  but  tubular,  let  us  proceed  to  {hew 
the  Manner  and  Caufe  of  their  Contraction. 


LX. 
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LXI. 

A  Mufcle  in  its  Motion  very  evidently  grows  lefi 

in  Bulk . 

This  Propofition  is  clearly  demonftratcd  by  that 
famous  Experiment  communicated  to  the  Royal  So¬ 
ciety  ,  by  Dr.  Goddard ■f'  in  the  Year  1669,  where 
putting  a  Man  s  Arm  into  a  glafs  Cylinder  full  of 
Water,  the  Water  always  funk  when  the  Mufclcs 
of  the  Arm  were  contracted,  and  rife  again  to  the 
firft  Standard  when  they  were  relaxed.  This  we 
think  may  be  look'd  upon  as  an  Experimentum  Cru¬ 
ris  5  whereas,  if  every  Fibre  was  a  Chain  of  Blad¬ 
ders,  whofe  Contraction  in  Length  arofe  from  their 
Inflation  in  Breadth,  all  the  World  knows  there 
would  be  a  fenfible  Swell  of  the  whole  Arm  upon 
mufcular  ACtion. 

LXII. 

There  are  ftill  other  Difficulties  attending  the  ve- 
ficular  Hypothecs,  If  the  animal  Spirits  are  fup- 
pofed  to  inflate  the  Cavities  of  the  mufcular  Fibres 
merely  by  a  propulfive  Force,  like  unto  the  Steam 
of  boiling  Water  working  in  the  Engine  to  raife 
Water  by  Fire,  it  ought  to  be  proved  from  whence 
fo  ftrong  an  Impulfe  fhould  arife* *  and  alfo  how  the 
Nerves,  which  are  the  Conduits  thro'  which  this 

flatulent 
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t  Vide  Regifter  of  the  Royal  Society,  Vol.  IV.  p.  95. 
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flatulent  Matter  mud  be  convey’d,  fhould  lie  fa 
loofe  and  unelaftic  5  it  being  evident  from  all 
Experience,  that  if  fuch  an  elaftic  flatulent  Vapour 
was  to  fly  thro’  the  whole  Length  of  the  Nerves, 
with  an  Energy  fufficient  to  give  a  Man  a  Power  of 
lifting  up  great  Weights,  the  Nerves  muft  be  ftretchcd 
out  in  Proportion,  and  confequently  would  be  very 
tenfe  and  elaftic. 


LXIII. 

Thofe  who  fuppofe  the  Inflation  of  the  Mufcies 
to  arife  from  a  fermentative  Motion  in  the  Fluids, 
ought  to  prove,  by  a  proper  Number  of  Experi¬ 
ments,  that  there  are  Juices  exifting  in  the  Body 
capable  of  fuch  fudden  and  violent  Rarefa&ions  or 
Explofions,  upon  mixing  with  each  other  5  and  if 
this  poflibly  could  be  done,  the  Diminution  of  the 
Bulk  of  the  Mtffcles  in  Adlion,  would  overturn  all 
their  Scheme. 

LXIV. 

«  / 

Hence  it  is,  evident  that  the  'veficular  Hypothefis 
ought  to  be  intirely  rejedted,  as  being  repugnant  to 
the  Laws  of  Matter ,  and  to  the  Thanomena  of  the 
Mufcies. 

LXV. 

I 

By  undoubted  Experiments  we  are  convinced, 
that  the  Intumefcence  of  a  Mufcle,  when  it  adts, 
arifes  merely  from  a  Change  made  in  its  Figure } 
that  is,  as  it  fhortens  in  Length  the  Belly  grows 
thicker,  and  yet  the  Bulk  in  general  is  diminifhed. 

Let 
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Let  us  therefore  inquire  after  the  Agents  which  are 
capable  of  producing  fuch  furprifing  Bh^nomena* 
and  at  the  fame  time  (hall  be  confiftent  with  every 
other  Operation  in  the  Animal  Oeconomy. 

LXVI. 

From  what  has  been  faid  it  appears,  that  Contrac¬ 
tion,  or  mufcular  Action,  does  not  depend  upon  any 
Fluid  dilating  or  diftending  the  Fibres ;  but,  on  the 
contrary,  they  fhrink  up  and  grow  left.  The  in- 
ftantaneous  Alternations  from  Conftridion  to  Dila¬ 
tation,  and  vice  verfa ,  manifeftly  difeover  that  muf¬ 
cular  Motion  cannot  be  caufed  by  fuch  Juices  as 
the  Blood ,  Lymphs  and  fuch-likei  but  it  muft  be 
from  fome  more  fubtile  ethereal  Matter,  which  may 
be  mix’d  with  the  Blood  in  general,  and  fecreted 
from  it  by  the  Glands  of  the  Brain. 

LXVIL 

Let  us  but  carefully  confider  the  exquifue  Appa¬ 
ratus  of  the  Brain,  the  Quantity  of  Blood  it  receives, 
the  infinite  Number  of  irs  excretory  Duds,  and  the 
great  Divifibility  and  Subtilty  of  Matter,  and  we 
fhall  find  great  Reafon  to  conclude  that  there  is  a 
m oft  fubtil,  ethereal,  volatile  Fluid,  of  great  Force 
and  Elafticity,  perpetually  fecreted  from  the  Blood, 
by  the  Glands  of  the  Brain,  and  continually  flying 
into  the  Nerves,  for  the  Ufes  of  mufcular  Motion, 
and  many  other  great  Purpofes  of  the  Animal  Oeco¬ 
nomy. 


LVIIL 


LXVIII, 

The  delicate  Texture  of  the  Nerves,  as  well  as 
that  of  the  Brain,  implies  that  the  Fluid  they  convey 
to  the  Mufcles  muft  be  exquilitely  fine.  Indeed 
when  a  Nerve  is  wounded,  there  flows  from  it  a 
fweet,  fofr,  clammy,  balfamic  juice,  which  no 
doubt  is  carried,  at  all  other  times,  by  the  evanef- 
cent  Nerves  to  their  ultimate  Divifions,  in  order  to 
nourilh  and  prcferve  the  moft  minute  Fibrilla,  and 
all  their  Expanlions.;  and  this  rhay  properly  be 
called  the  Succus  nutritius  of  the  Nerves.  But  I 
cannot  conceive  that  this  vifible  Juice  has  any  thing 
to  do  With  the  immediate  Caufe  of  voluntary  Mo¬ 
tion  5  for  fo  vifcous  a  Matter  could  never  admit  of 
fuch  fudden  Viciflitudes,  as  are  in  mufcular  Action, 
if  it  was  capable  of  performing  it  in  other  Re- 
lpeds. 

LXIX. 

,  i 

There  are  Abundance  of  Confiderations  which 
evince  the  Exiftence  of  fome  fubtil  Spirit  in  the 
Nerves,  much  finer  than  to  be  the  Objeft  of  our 
Senfes.  We  have  no  Proof,  either  from  Experiment 
or  Reafon,  of  any  other  inftrumental  or  phyiical 
Caufe  of  Senle  or  Motion,  but  this  animal  Ether 
which  is  elaborated  from  the  Blood, 
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^  \  t 

'  t  ~~  J  ,  -  '  \  * 

LXX. 

The  learned  Dr.  Mead  *  thinks  no  Regard  ought 
to  be  had  to  the  immechanieal  Notions  of  rhofe 
Authors,  who  imagine  that  there  is  no  fuch  thing 
as  a  nervous  Fluid  in  an  animal  Body  and  that  muf- 
cular  Motion  and  Senfation  are  performed  only  by 
the  Vibrations  of  the  Fibres  of  the  Nerves,  without 
the  Intervention  of  any  fpirituous  Fluid. 

,  ‘  *  *  .  *  •“* 

LXXI. 

The  furprifing  Difcoveries  which  have  been  made 
of  late  Years,  by  a  Variety  of  Experiments  upon 
Electricity,  do  in  fome  meafure  give  us  an  Idea  of 
the  great  Subtilty  and  Velocity  of  the  nervous  Fluid. 
I  have  been  informed  by  the  ingenious  Mr.  Watfon , 
a  worthy  Member  of  this  Society ,  that  the  Swiftnefs 
of  the  eledrical  Effluvia  is  prodigious,  that  one 
Stroke  of  his  Hand  down  the  Tube,  when  well 
electrified,  was  felt  as  foon  as  his  Hand  could  be 
at  the  Bottom  of  the  Tube,  through  five  Men 
ftanding  upon  eleCtrical  Cakes,  and  communicating 
with  each  other  by  a  Cane,  Sword,  or  any  other 
Non- eleCtric. 

LXXII. 

Hence  it  follows,  that  if  a  Tube  could  be  always 
excited,  and  was  always  to  be  applied  to  the  End  of 
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a  proper  Cord  or  String;  the  electric  Matter,  which 
is  excited  by  Fri&ion  between  the  Hand  and  Tube, 
would  ever  be  ready  to  exert  its  attractive  Influence 
on  Leaf-Gold,  and  fuch-like  Things,  when  placed 
within  a  due  Diftance  of  the  End  of  the  String ; 
and  perhaps  this  may  be  very  fimilar  to  the  Motion 
and  ACtion  of  the  nervous  ei/Ether. 

V  .  '  •  '  ;  '  ,  :■  .a  ‘  L  .  - 

LXIII. 

Thus  much  being  premifed,  and  it  being  taken  for 
granted,  that  we  have  an  setkereal  Medium  in  the 
Brain,  Spinal  Marrow,  and  all  Cap  ill  ament  a  of 

the  Nerves,  ever  ready  to  be  convey'd  into  the  muf- 
cular  Fibres,  by  the  Power  of  the  Will,  and  which  Me¬ 
dium  confiding  of  the  moft  refined  Matter  in  Nature  $ 
it  follows,  that  the  Motion  of  this  nervous  <^/£ther 
may  be  as  quick  as  Lightning,  and  alio  its  attraftive 
Power  muft  be  exceeding  ftrong,  by  virtue  of  its 
vaft  Degree  of  Subtilty  ;  as  is  evident  from  what 
Sir  Ifaac  Newton  *  has  calculated  concerning  the 
Rays  of  Light. 

'  '  '  *!  ■  ■  .  c  ?.•  '  i  >  •  ‘  :  .  •  ,  ' 

LXXIV. 

From  thefe  Obfervations  therefore,  and  from  what 
has  been  laid  above  concerning  the  Cohefion  and 
Elafticity  of  the  animal  Fibres,  1  think  we  have  great 
Reafon  to  conclude,  that  rnulcular  Motion  does  pro¬ 
ceed  from  the  Influence  which  the  nervous  zyEther 

has 
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upon  the  component  Particles  of  the  mufcular  Fibres 
themfeives,  by  inftantly  increafmg  their  attractive 
Virtue  towards  each,  fo  as  to  make  them  rim  clofer 
together,  or,  as  it  were,  up  into  Heaps,  as  long  as 
fuch  an  additional  attradive  Medium  is  in  the  Fibres, 

»■  •  LXXV, 

If  we  look  back  and  eonfider  the  Nature  of  the 
Vis  Reftitutionis ,  or  Elafticity  in  the  mufcular  Fi¬ 
bres,  we  fhall  find,  that  the  Caufe  of  that  Property 
only  wants  to  be  increafed,  in  order  to  overcome 
the  diftradile  Force  of  the  circulating  Fluids,  and 
the  Refiftance  of  the  antagonift  Mufcles:  Whence  it 
follows,  that  if  fuch  a  Power  was  to  be  increafed 
in  one  Set  of  Mufcles,  and  not  in  their  Antago- 
nifts,  thofe  Mufcles,  whofe  elaftic  or  retrading  Power 
was  increafed,  would  be  abbreviated  in  their  Length, 
whilft  the  others  would  be  extended  and  lengthen'd, 

LXXVI. 

'  X  ....  ^  ...  « 

When  any  Mufcle  is  freed  from  the  Power  of 
its  Antagonift,  by  a  Wound,  &c.  it  immediately 
contrads,  and  is  not  to  be  extended  again  by  the 
Power  of  the  Will.  Whence  it  has  been  faid,  that 
Contradion  is  the  proptr  State  of  the  Mufcles,  and 
to  which  they  always  tend :  But  if  we  narrowly  in- 
fped  into  this  Affair,  we  fhall  find,  that,  when  a 
Mufcle  is  contraded  in  this  manner,  it  is  no  further 
fo  than  the  elaftic  reftitutive  Property  in  the  Fibres 
is  concerned.  We  do  not  find  that  fuch  a  Mufcle 
is  indurated,  or  its  Belly  fwoln  like  unto  what  it  is  in 

E  vo-j 
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voluntary  Aftion;  for  here  being  no  Influx  of  the 
nervous  <^/Ether  to  increafe  the  corpufcular  Attrac¬ 
tion,  the  Mufcle  is  fliortened  only  by  the  inherent 
mutual  Attraction  between  the  condiment  Particles 
of  its  fibres,  without  any  Matter  being  fuperadded. 
This  kind  of  Contraction  therefore  is  evidently  the 
,  State  to  which  the  cladic  Fibres,  tend  by  a  conti¬ 
nual  Conatus  in  the  component  Particles  to  accede 
towards  each  other  without  the  Abidance  of  the 
nervous  <iyEther  s  fo  that  this  natural  Vis  motrix 
in  the  mufeulous  Fibres  is  no  more  than  what  we 
mean  by  their  Eladicity,  or  reditutive  Property:  It 
feems  however  to  be  demondrated  from  hence,  that 
mufcular  Addon,  and  Eladicity  in  the  Fibres,  pro¬ 
ceed  from  the  fame  Caufe  in  different  Degrees  5  < 
viz-  from  corpufcular  Attraction., 

LXXVIL 

Let  us  now  endeavour  to  corroborate  thefe  Argu¬ 
ments  by  fome  fuitable  Obfervations, 

-  LXXVIIL-  ,  /  ' 

v  \jl\  From  what  has  been  faid  we  may  conceive 
more  readily,  than  we  know  how  to  exprefs,  that 
the  Will  has  a  Power  to  direct  the  ethereal  Me¬ 
dium  contain'd  in  the  Nerves,  to  any  of  the  volun¬ 
tary  Mufcles,  with  fuch  a  Degree  of  Celerity  as  it 
pleafes  j  and  to  flop  the  Influx  as  fuddenly.. 

LXXIXo 

idly.  It  is  evident  that  the  Coats,  or  carnous  Sub- 
fiance  of  every  Fibre,  mud  neceflarily  increafe  in  its 

Thicknefs, 
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Thicknefs,  when  it  abates  in  its  Length ;  and  what 
Power  can  produce  this  Effect,  but  fueh  a  one  as  in- 
creafes  the  mutual  Attraction  between  the  condim¬ 
ent  Particles.? 

LXXX. 

4 

idly.  Hence  appears  the  Reafon,  why  the  Belly  of 
a  Mufcle  fwells  during  its  Contraction,  not  with-, 
{landing  its  Dimenfion  in  general  is  diminifh*d  5  for 
as  the  component  Particles  of  each  Fibre  are  more 
loofely  join'd  together  about  the  Middle  than  to¬ 
wards  its  Extremities,  which  are  generally  tendinous, 
it  is  natural  to  fuppofe  that  the  chief  Adion  is  bet  ween 
them  5  that  is,  when  a  Fibre  grows  fhorter,  fuch  of 
its  Particles  which  are  mod  at  Liberty  run  nearer 
together,  and  as  the  Motion  of  all  Bodies  is  ever 
in  proportion  to  the  Impulfe  they  receive,  and  the 
Refiftance  they  meet  with,  fo  when  the  condiment 
Particles  of  the  mufculac  Fibres  are  drawn  into  a 
fhorter  Compafs,  by  the  means  above-mention’d, 
the  Middle  of  the  Fibres  mud  fwell  either  inwardly 
or  outwardly,  or  both,  according  to  the  Refidances 
they  meet  with. 

LXXXL 

And  laftly,  Since  the  Coats  of  the  mufcular  Fi¬ 
bres  do  mod  certainly  grow  thicker  as  they  contrad 
in  their  Length,  and  yet  the  external  Surface  of  the 
Mufcle  in  general  is  diminifhedj  it  manifedly  fol¬ 
lows  that  their  Cavities  mud  grow  kfs,  and  their 

E  z  .  contain'd 
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contain’d  Fluids  mutt  be  prefled  out,  in  proportion 
to  the  Contraction  of  the  Mufcle. 

LXXXII. 

This  appears  upon  Blood-letting,  when  fqueezing: 
any  thing  hard  in  the  Hand  will  make  the  Blood  fly 
out  with  a  greater  Velocity,  and  thereby  form*  a* 
larger  ‘Parabola, 

LXXXIIL 

This  alfo  accounts  dearly  for  the  Induration-  and' 
Palenefs  of  a  Mufcle  during  its  Adiom- 

LXXXIV. 

And  again,  it  follows  hence,  that  in  the  ACtiom 
of  the  Mufcles  there  is  an  alternate  ‘Diajlole  and 
Syftole  perfectly  analogous  to  the  ACtion  of  the  Heart, 
which  greatly  contributes  towards  pufhing  on  the-' 
Blood  in  the  Veins. 


lxxxv:  f  .  £ 

The  Mufcles  being  contracted  merely  by  the  In¬ 
fluence  of  the  nervous  <^/Ether,  and  the  Influx  of 
the  c yPther  being  ftopt  by  withdrawing  the  Impe¬ 
tus  given  to  it  by  the  Power  of  the  Will  5  the  Rea- 
fon  and  Manner  of  their  Relaxation  will  eafily  ap¬ 
pear.  For  flnce  the  nervous  Fluid  is  extremely  fub- 
tile,  that  Portion  of  it  which  is  thrown  into  the 
mufcular  Fibres,  ads  but  for  a  Moment,  or  the  lead 

Space 
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Space  of  Time,  fo  quick  is  it  in  its  Motions,  and 
fo  penetrating  in  its  Nature ;  and  no  (boner  is  the 
Vigour  of  the  Attraction  over*  but  the  Tenfion  of 
the  Antagonift  Mufcles,  and  the  Impulfe  of  the 
Blood  will  extend  them  again. 

LXXXVL 

Whoever  duly  confiders  the  well  known. Effects  of 
magnetical  and  ele&rical  Effluvia  will  be  at  no  Lofs 
to  conceive  the  inftantaneous  Influence  which  the 
nervous  o/ Ether  has  upon  the  mufcular  Fibres, 

IXXXVIL 

.  >  f  i 

It  mud  be  confefski  indeed,  that  thefe  Intim & 
Naturae,  or  fecret  Operations  in  the  Animal  O eco¬ 
no  my  are  all  skreen'd  from  our  Knowledge,  the 
Agents  being  too  fubtil  ever  to  become  the  Objeds 
of  our  Senfes,  though  ever  fo  well  affifted  5  fo  that 
we  can  only  form  our  Schemes,  and  deduce  oun- 
Arguments  from  fuch  collateral  Proofs,  or  from  fuch 
"Data  as  we  are  pretty  fare  are  true.  As  for  In- 
ftance ;  the  Influence  which  the  Soul  has  upon  the 
ethereal  Medium  in  the  Nerves  mud  be  by  Im¬ 
pulfe  5  for  though  our  finite  Capacities  are  not  able 
to  comprehend  the  Nature  of  immaterial  Impulfe  5 
yet  nothing  is  more  certain  than  that  the  mod  fub- 
til  Matter  in  the  Univerfe  cannot  be  moved  with¬ 
out  feme  impreffed  Force, 

TXXXVIII, 
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That  the  Will  docs  exert  itfclf  after  this  manner, 
is  in  a  good  meafure  proved  by  Dr.  Stuart's  *  Ex¬ 
periment  upon  a  Frog,  where  a  proper  Impulfc  be¬ 
ing  given  to  the  Medulla  fpinalis  did  excite  Motion 
in  the  voluntary  Mufcles,  though  the  Head  was  fe¬ 
ver’d  from  the  Body. 

LXXXIX. 

Hence  alfo  it  appears,  that  the  Nerves  are  always 
replete  with  a  fubtiL  Fluid  capable  of  contrading 
the  Mufcles,  or  otherwife  fuch  an  Impulfe  on  the 
Beginning  of  the  Nerves,  could  not  have  excited 
Motion  after  the  Head  was  cut  off, 

XC 

And  again,  common  Experience  affures  us,  that 
tho'  the  Nerves  are  always  replete  with  an  athereal 
Medium^ etthis  Medium,  in  a  State  of  Health,  never 
flies  out  at  their  Extremities,  into  the  mufcular  Fibres, 
without  fome  Impulfe  by  the  Diredion  of  the  Will : 
Whenever  it  happens  to  do  fo,  Convulfions  and 
Cramps  are  the  natural  Confequences. 

XCL 
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*  Lectures  on  Mufcular  Motion. 
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XCI. 

J 

<  *t 

It  may  perhaps  feem  ftrange  to  feme,  that  I  have 
not  all  this  while  taken  any  Notice  of  the  Blood,  as 
an  Agent  in  mufcular  Motion  5  fince  it  has  ever 
been  reckoned  feme  way  neceffary  towards  it.  But 
notwithftanding  this  Opinion  has  been  fc  long  and 
fo  generally  received,  yet  if  our  Scheme  be  the  true 
one,  it  evidently  appears  the  Blood  hath  nothing  to 
do  with  the  immediate  Contraction  of  the  Mufcles. 

XCII.. 

Prom  the  clofe  Connexion  of  the  nervous  Capilla- 
menta  in  all  or  moft  of  their  Ramifications,  to  thofe 
of  the  Arteries,  it  feems  as  if  the  Diajiole  and  Syf- 
tole  of  the  arterial  Syftem  was  feme  how  nfeful  to 
them.  Perhaps  it  may  affift  in  pufhing  on  the  Sue- 
cus  nutritius >  or  that  clammy  baifamic  Juice  which 
is  in  the  Nerves,  towards  their  Extremities  \  but  I 
cannot  conceive  that  the  Blood  itfelf  is  in  any  way 
allifting  towards  mufcular  Motion,  except  it  be  by 
keeping  the  Fibres  warm,  fupple,  diftended,  and; 
every  way  ready  for  the  Influx  of  the  nervous- 
C AEther*, 

’  .  -  XCIII, 

I  have  tied  up  and  cut  a  funder  both  the  Carotid’ 
and  both  the  Crural  Arteries  of  the  fame  Dog,  with* 
out  deftroying  the  Motion  of  one  Mufcle.  Nothing 
lefs  than  laying  a  Ligature  on  the  Aorta  dejeendens 

will 


/ 
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will  deftroy  the  Motion  of  the  hinder  Parts  5  and 
poffibly  this  may  happen  from  the  great  Diftenfion 
of  the  Aorta  above  the  Ligature,  preffing  upon  the 
Nerves  which  go  to' the  lower  Parts. 

XCIV.  1 

It  is  certain  indeed,  when  all  the  Blood  is  inter* 
cepted  the  Fibres  will  Toon  collapfe,  and  grow  flac¬ 
cid,  and  mufcular  Motion  will  ceafe,  merely  for 
Want  of  the  Warmth,  Supplencfs,  and  Diftenfion 
which  the  Mufcles  receive  from  the  Blood.  But 
what  I  think  mod  reasonable  is,  that  the  Blood  is 
no  Way  concerned  as  an  efficient  Caufe  in  purling 
up  and  >contra&ing -the -Fibres  s  it  rather  by  its  Mo* 
tion  through  the  Mufcles,  a£fcs  as  an  Antagonift  t© 
their  Contraftion,  by  extending  and  diftending  them  ; 
for  the  Blood,  by  the  'Diajlole  and  Syfloie  of  the 
Arteries,  is  continually  urging  on  its  Paflage  through 
the  Mufcles. 

;xcv, 

Thus  I  have  endeavour'd  to  deduce  and  illuftrate 
the  Caufe. of  mufcular  Motion  from  true  Principles, 
by  purfuing  only  thole  La*ws  of  Nature,  which  our 
great  Phiiofopher  Sir  Ifaac  Newton  has  in  fo  fur- 
prifing  a  manner  difeoverd  to  us.  But  I  am  far 
from  thinking  this  a  complete  Account  5  I  know  it 
requires  more  Experiments,  and  better  Reafonings 
than  I  am  Mafter  of,  to  explain  it  as  it  ought  $  and 
even  after  all,  there  are,  and  ever  will  be,  fome 
Things  above  the  Reach  of  our  Capacities  to  demon- 

ftrate. 
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ftrate,  any  othcr.wifc  than  by  their  Effo&s,  or  fecond 
Caufes :  Such  are,  the  Nature  of  an  immaterial  Im- 
pulfe  5  the  real  Exigence  of  fo  fubtil  a  Fluid  as  is 
attributed  to  the  Nerves  $  and  the  true  Caufes  of 
Attraction  and  Repulfion. 

XCVI. 

-  ■  #  , 

That  the  Supreme  Being  hath  implanted  art 

immaterial  Spirit  in  every  living  Creature,  for  the 
Purpofes  of  Senfation  and  voluntary  Motion,  1  think: 
cannot  be  denied  by  any  one  in  his  Senfes:  But 
perhaps  it  may  not  become  us  to  be  too  follicitous 
about  the  Modus  of  A&ion  betwixt  the  Soul  and 
Matter  5  thefe  Things  being  above  the  Reach  of 
human  Reafon.  It  is  fufficient  for  our  Purpole, 
that  we  know  the  Will  has  a  Power  of  determining 
the  nervous  o <Ether  immediately  and  dire&ly  to 
every  individual  voluntary  Mufcie. 

‘  XCVIL 

The  Exiftence  or  Non-Exiftence  of  the  nervous 
Fluid,  commonly  called  the  animal  Spirits,  has  been 
a  Controverfy  of  long  Banding.  The  firft  Searchers 
into  the  Structure  of  the  human  Body  foon  found 
that  mufcular  Motion  depended  upon  the  Nerves, 
or  fomething  within  them  5  and  this  has  conftantly 
been  aflerted,  and  admitted  as  a  known  Truth. 
The  Advocates  for  the  Exiftence  of  animal  Spi¬ 
rits  have  generally  fuppofed  that  voluntary  Motion 
was  performed  by  a  fudden  Inflation  of  the  Mufcles, 
either  by  the  Power  of  the  nervous  Fluid  itfelf,  or 
by  an  inftantaneous  Ferment  with  fome  other  Fluid ; 
and  I  am  apt  to  believe,  that  this  Doftrine  proving 

F  inoonfiftent 
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inconfiftcnt  with  many  Things  relating  to  the  Ani¬ 
mal  Oeconomy,  and  contrary  to  fome  known  Ex¬ 
periments,  might  give  Rife  to  the  vibrating  Scheme, 
where  the  Exiftence  of  the  animal  Spirits  is  denied* 
and  where  it  is  luppofed  that  both  Senfation  and 
mufcular  Motion  may  be  performed  merely  by  the 
Elafticity  of  the  Nerves,  and  Contractions  firft  of 
all  begun  in  the  Brain,  and  fo  communicated  to 
the  flefhy  Fibres  :  But  this  is  fo  immechanical  a 
Notion  as  not  to  deferve  an  Anfwers  it  being  im- 
poffible  for  a  vibrating  Motion  in  one  Cord  or 
String,  were  it  ever  fo  elaffic,  to  caufe  a  Contrac¬ 
tion  in  another,  without  the  Intervention  of  fome 
fluid* 

XCVIIL 

I  {hall  conclude  this  LeClure  therefore  with  ob- , 
ferving,  that  the  Exigence  of  an  ethereal  Medium 
in  the  Nerves  is  paft  all  manner  of  Doubt  j  it  being 
otherwife  contrary  to  the  known  Laws  of  Nature 
for  the  Nerves  to  be  the  Caufe  of  mufcular  Mo¬ 
tion  if  they  were  folid,  or  did  not  admit  the  mold 
fubtil  Fluid,  fecreted  by  the  Glands  of  the  Brain,  to 
pafs  through  therm 


XCIX. 

And  fince  it  is  known  from  Experiment,  that 
the  Mufcles  grow  lefs  in  AClion,  and,  confequently, 
the  conftituent  Particles  of  every  Fibre  mult  run 
nearer  together  before  fuch  a  ‘Phenomenon  can  hap¬ 
pen  ;  we  think  it  very  manifeft  that  this  Property  of 
Conftriftion  arifes  from  the  Principle  of  *corpufcu- 

iar 
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lar  Attraction,  being  increafed  and  ftrengthened  by 
the  Influence  of  the  nervous  \_yEther -y  a  Principle*, 
which,  from  the  endlefs  Divifibility  and  Subtilty  of 
Matter,  we  may  never  be  able  to  comprehend* 
though  we  know  it  to  exifl:  in  Nature  from  innu¬ 
merable  Obfervations  and  Experiments, 


The  End  of  the  Second  Lefitare* 

\  ■. 1 ... 
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LECTURE 
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xcv. 

Read  April  Confirmation  of  the  Truth  of  what 

*747'  A  ^as  ^een  two  preceding 

Le&ures,  and  for  a  further  Illuftration  of  this  Sub¬ 
ject  of  mufcular  Motion,  I  beg  Leave  to  offer  fome 
Thoughts  concerning  the  Caufe  and  Manner  of 
Aftion  in  the  involuntary  Mufcies;  and  after  that 
I  flhall  relate  fome  Experiments,  which  I  have  made 
in  order  to  illuftrate  our  Theory  in  general,  as  far  as 
the  Nature  of  the  Subject  will  admits 

>  i 

XCVI. 

When  any  Mufcle,  voluntary  or  involuntary,  is 
fully  contracted,  that  is,  when  its  component  Par¬ 
ticles  are  drawn  into  the  clofeft  Contacts  they  are 
capable  of,  by  the  Influence  of  the  ethereal  Medium 
in  the  Nerves,  it  is  evident,  from  all  the  Laws  of 
Matter,  that  they  would  not  recede  from  each  other 
again  without  fome  impreffed  Force.  Now  in  all 
the  voluntary  Mufcles  we  very  well  know,  that  when 
one  Set  of  them  are  contra&ed,  their  Antagonifts 
are  lengthen'd,  and  vice  verfa. $  fo  that  the  Vis  Re - 
ftitutionis  in  all  the  ftr etched- out  Fibres,  and  the 

Momentum 
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Momentum  of  the  Fluids  to  enter  again  into  the  con¬ 
tracted  Mufcles,  will  inftantly  dilate  and  diftraft  them, 
when  the  Impulfe  of  the  Will  ceafes,  till  an  exa£t 
Equilibration  is  reftored. 

XCVIL 

This  being  the  plain  Matter  of  Fact  in  regard  to 
the  voluntary  Mufcles;  let  us  now  endeavour  to 
find  out  the  Mechanifin  belonging  to  the  involun¬ 
tary  ones,  and  more  particularly  of  that  very  curi¬ 
ous  one  the  Heart. 

XCV1IL 

Dr.  Hoadly ,  in  his  Lectures  on  Refpiration,  has 
manifeftly  fhewn  that  the  external  Ranges  of  the  in- 
tercoftal  Mufcles  appear  to  have  all  the  charafteriftic 
Marks  of  antagonift  Mufcles.  If  you  take  three  Ribs 
together,  fays  he,  and  obferve  the  different  Ranges 
of  the  Fibres  in  the  two  intercoftal  Mufcles,  which 
lie  on  each  Side  the  middlemoft  of  thefe  Ribs;  yon 
will  fee,  at  firft  Sight,  that  the  internal  Range  in  the 
lower  Mufcle,  counter  acts  directly  the  external 
Range  in  the  upper  Mufcle, 

XCIX, 

The  Action  of  the  * Diaphragm  is  alfo  counter¬ 
balanc'd  by  the  abdominal  Mufcles,  and  Contents  of 
the  Abdomen ;  which  fqueeze  it  up,  in  a  convex 
Form,  into  the  Cavity  of  the  Thorax^  upon  every 
Expiration. 


A$ 
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* 

As  to  the  SphinBer  Mufcles,  they  feem  to  be  al¬ 
ways  in  the  fame  natural  contractile  State;  and 
whenever  they  arc  ftretched  out,  by  Tome  fuperior 
Power,  they  recover  their  uflial  Dimenfions  merely 
by  their  reftitutive  or  elaftic  Property.  The  fame 
may  be  laid  of  the  Stomachy  Uterus ,  Vefica ,  which 
contract  by  the  fame  means,  into  a  narrower  Capa¬ 
city,  as  foon  as  their  Contents  are  difeharged. 

CL 

I  fhall  confine  my  Thoughts  therefore  to  the  Ac¬ 
tion  of  the  Heart  only,  as  being  the  mod  perfect 
involuntary  Mjufcle. 

CIL 

The  Heart  is  a  Vi  feus  which  has  given  the  Lite - 
rati  a  great  deal  of  Trouble  to  find  out  its  real 
Mechanifm,  and  the  true  Caufe  of  its  regular  Alter¬ 
nations  of  Contraction  and  Dilatation.  I  have  of¬ 
tentimes  laid  open  the  Bread  of  a  Dog,  and  kept 
his  Lungs  playing  with  a  Pair  of  Bellows,  in  order 
to  obferve  how  regularly  and  alternately  the  Syflole 
and  ‘Dia/ioley  both  of  the  Heart  and  its  Auricles, 
followed  each  other;  that  is,  when  the  Ventricles 
were  contracted,  the  Auricles  were  dilated,  and  vice 
<verfa ,  fo  that  the  Auricles  feem,  in  fbme  meafure, 
to  act  as  Antagonifts  to  the  Ventricles,  and  the  re¬ 
fluent  Blood  may  be  of  the  fame  Service  to  the  Au¬ 
ricles. 
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rides.  Bat  there  being  fo  much  Difparity  between 
the  contractile  Strength  of  the  Ventricles  and  that  of 
the  Auricles,  there  muft  neceflarily  be  fome  other 
Caufe,  which,  when  the  Heart  is  fully  contracted, 
makes  it  unbend  again,  or  ceafe  to  contract ;  by 
which  means  the  Auricles,  though  fo  very  weak  in 
companion  of  the  Ventricles,  have  Power  enough  to 
throw  in  Blood,  and  thereby  to  diftend  the  Ventri¬ 
cles  to  a  certain  Degree,  before  they  are  capable  of 
acting  again. 


CIIL 

If  we  might  be  allowed  to  make  an  Eftimate  of 
the  Difference  between  the  contractile  Strength  of 
the  Heart  and  its  Auricles,  from  the  Difference  of 
their  Bulk,  or  Quantity  of  Fibres,  w’e  fhouid  find  it 
to  be  about  nine  to  one ;  as  I  have  obferved,  by 
weighing  the  Hearts  of  feveral  Animals,  and  their 
Auricles  feparately. 


CIV, 

Hence  it  does  not  feem  reafonabie  to  think,  that 
the  weak  Efforts  of  the  Auricles  would  be  fufficient 
to  caufe  the  <DiaJlole  of  the  Heart,  without  fome 
other  Affiftant. 

CV, 

t  •  ■  -  . 

©ne  great  Ufe  of  the  Auricles  is,  to  receive  a 
Quantity  of  Blood,  during  the  Syftole  of  the  Heart, 
fufficient  to  fill  the  Ventricles  again  at  their  Tyia- 

Jio'le* 
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fiole ,  The  fame  may  be  laid.  In  fome  rneafure,  of 
the  Veins  neareft  the  Heart,  which  may  be  plainly 
fee  11  to  dilate  during  the  Contraction  of  the  Auri¬ 
cles  j  fo  that  the  Heart,  Auricles,  and  Veins,  have 
all  their  Syjloles  and  'Diaftoles  in  fubordinate  De¬ 
grees, 

/  CVL 

Without  fuch  Receptacles  as  thefe  it  would  be  im- 
poffible  for  the  Ventricles  of  the  Heart  to  be  fill'd 
from  the  Veins  fo  fuddenly  as  they  are  j  for  though 
the  Areas  of  the  tranfverfe  Sections  of  the  Veins 
are  much  larger  than  thofe  of  the  Arteries,  yet  we 
find,  by  Dr.  Halos’ s  Hremaflatkal  Experiments*, 
that  the  Velocity  of  the  Blood  in  the  Arteries  is 
above  fix  ro  one  to  that  in  the  Veins :  But  fince  the 
Auricles  keep  receiving  the  Blood  whi  ft  the  Heart 
is  in  its  Syfiole  (the  Veins  doing  the  fame  by  the 
Auricles)  a  due  Quantity  of  Blood  is  always  ready 
to  be  thrown  into  the  Heart,  by  the  Time  it  is  fir 
to  receive  itj  for  the  Hiaftole  takes  up  two  Thirds 
of  the  Space  of  Time  between  each  Pulfe. 

CVII. 

Here  then  we  may  obferve  that  the  Momentum 
of  the  refluent  Blood  acts  upon,  and  diftends  the 
Veins  neareft  the  Heart,  whilft  the  Auricles  are  con¬ 
tracted  5  that  it  alfo  dilates  the  Auricles,  whilft  the 
Heart  is  in  Action ;  and  that  the  Heart  is  in  its 
\ Diaftole ,  whilft  the  Auricles  are  in  their  Syfiole. 

But 
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But  the  great  Difficulty  in  accounting  for  the  'Dior 
Jtole  of  the  Heart,  is  from  the  Difproportion  between 
its  contractile  Power,  and  that  of  the  Auricles ,*  it 
being  plain,  from  what  has  been  faid  above,  that 
the  Momentum  of  the  Blood  in  the  Veins  is  ftopt  by 
the  Contraction  of  the  Auricles,  fo  that  the  Ventri¬ 
cles  of  the  Heart  can  receive  no  other  Xmpulfe  from 
the  Blood  at  that  time,  than  what  is  derived  from 
the  Contraction  of  the  Auricles. 

CVIIL  / 

Hence  therefore  it  follows,  that  if  the  Syftole  was 
the  natural  State  of  the  Heart,  and  to  which  it  al¬ 
ways  tended  with  its  full  contractive  Power,  the 
Impulfe  of  the  Blood,  from  the  Contraction  of  the 
Auricles,  could  never  be  able  to  dilate  it, 

CIX. 

Dr.  Lower  makes  the  Syftole  the  natural  State  or 
ACtion  of  the  Heart,  and  the  Diaftole  the  violent 
One:  Boerhaave ,  on  the  contrary,  makes  the  Syftole 
the  violent,  and  the  Diaftole  fhe  natural  State.  But 
perhaps  neither  of  thefe  Opinions  may  be  right,  in 
the  ftriCteft  Senfe 5  for  if  we  look  back  we  fhall 
find,  that  if  the  Fibres  were  not  tenfe  they  could 
not  be  elaftic  j  and  if  fome  Violence  was  not  put 
upon  them,  by  the  Impulfe  of  the  circulating  Fluids, 
they  would  not  be  tenfe  :  Hence  it  appears,  that 
Elaftic  ity  proceeds  from  a  State  of  Violence. 

/  *  •  -  ..  '  . I  -  '  * . .  *C  •  V  - 
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CX 

And  again;  When  a  Mufcle  is  freed  from  the' 
Power  of  its  Antagonift,  and  is  thereby  left  at  fulF 
Liberty  to  contract,  as  it  always  will  by  its  elaftic^ 
reftitutive  Property,  only,  ir  does  fo  no  further  than 
in  Obedience  to  the  common  Power  of  Attradion 
between  its  component  Particles;  but  in  all  other* 
mufcular  Action,  when  this  attractive  Power  is 
greatly  iticreafed  by  the  Influx  of  the  nervous 
Ether ,  the  Conftridion  is  carried  much  further, 
and  the  Mufcle  is  more  fully  contracted  than  it  ever 
is  in  the  other  State:  Hence  it  follows,  that  Con¬ 
traction,  in  its  fulled  Degree,  is  not  the  natural 
State  of  a  Mufcle. 


And  further;  When  the  condiment  Particles  of 
the  Fibres  are  drawn  into  their  clofed  Contacts,  by 
the  Influx  of  the  nervous  Ether ,  it  requires  fome 
Force,  in  a  contrary  Direction,  to  elongate  the  Fi¬ 
bres  again;  fo  that  Extenfion,  or  Dilatation  is  alfo  a 
State  of  Violence.  <  , 

CXIL 

From  the  Whole  then  it  appears,  that  neither  the 
Syftole  nor  <Diafioie)  in  a  full  Degree,  is  the  natu¬ 
ral  State  of  the  Heart;  and  this  we  {hall  fnew  more 
plainly  hereafter  by  infpecting  the  Hearts  of  Animals 
after  being  bled  to  Death.  But  to  proceed  : 

CXIIL 
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CX'III. 

From  what  has  been  faid  above,  it  feems  reasonable 
to  conclude,  that  if  Contraction,  in  its  fulleft  Degree, 
was  the  natural  State  of  Reft  or  Quiefcence  in  the  Heart  ; 
the  Momentum  of  the  Blood  from  the  Contraction 
of  the  Auricles,  could  not  be  a  fufficient  Counter- 
poife.  And  ftnce  fo  many  fruitlefs  Attempts  have 
been  made  to  account  for  th t'Diaftole  of  the  Hearty 
from  the  Impetus  of  the  Blood  in  the  Veins,  and 
from  the  Prefiure  of  the  Atmofphere,  &c.  give  me 
Leave  to  propofe  the  following  Queries* 

.  CXIV: 

iji.  May  not  the  Heart  be  a  compound  Mufcle  5 
that  is,  may  it  not  have  its  Antagonift  within  itfelf? 
Or,  in  other  Words,  are  not  fome  of  its  Fibres  fo 
ranged,  that  whilft  one  Set  of  them  is  contracted 
and  Shorten'd,  others  may  be  ft  retched  out;  analo¬ 
gous  to  the  Action  of  the  intercoftal  Mufcles,  or 
any  other  Mufcles  with  their  Antagonifts! 

cxv. 

2  dly.  Is  the  nervous  c /Ether  tranfmitted  from 
the  Brain  to  the  Heart  in  a  pulfatory  Manner,  at 
equal  Diftances  of  Time;  or  may  it  be  fuppofed  to 
move  uniformly  through  the  Nerves,  and  lome  In¬ 
terruption  is  given  to  its  Influx  into  the  mufcular 
Fibres,  when  the  Heart  is  in  its  Syflole  ? 
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CXVII. 

3 dly.  Does  not  the  cDiaftole  of  the  Heart  depend 
upon  an  Abatement  of  the  Tenfion  in  the  contracted 
Fibres  5  a  Motion  of  Pveftitution  in  fuch  as  are 
over  ftretched  5  and  the  Influx  of  the  Blood  con- 
j  iinctly  \ 

CXVIII. 

Without  fome  fuch  Mechailifm  as  this,  no  Power 
that  we  know  of,  belonging  to  the  animal  Oeco- 
nomy,  would  be  able  to  caufe  the  T^iaftole  of  the 
Heart :  But  if  fuch  a  Structure,  as  is  above  mention'd, 
could  be  proved,  no  more  Difficulty  would  attend 
the  Explication  of  it  than  that  of  the  voluntary 
Mufcles. 

CXIX. 

In  directing  the  Heart  we  find  a  great  many  different 
Orders  or  Series  of  Fibres,  varioufly  contorted,  and 
running  in  contrary  Directions  5  fo  that,  for  ought 
we  know,  it  may  be  an  Epitome  of  mufcular  Con- 
ftruction  in  general. 

'  CXX. 

We  may  here  obferve  what  Care  Nature  has  taken 
to  prevent  too  great  a  Dilatation  in  the  cDiaJlole  of  the 
Ventricles,  the  right  one  especially,  as  being  the  weak- 
eft,  by  forming  the  Eapilltfj  01  Column  a  7  which  run 

from 
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from  the  Septum ,  or  middle  Partition,  to  its  oppo- 
fite  Sides;  whereby  they  act  as  fo  many  Braces  in 
the  * Diaftole ,  and  when  they  contract,  they  alfo 
affift  in  the  Syftole .  And  perhaps  Jt  may  not  be 
the  moft  improbable  Conjecture  to  think;  that  as 
much  Care  may  have  been  taken  in  providing  a 
fuffident  Number  of  Fibres,  or  little  Mufcles,  which 
may  be  fo  formed  as  to  act  in  the  <rDiaftole>  as  Am 
tagonifts  to  thofe  which  occafion  the  Syfiole . 

-  CXXI. 

The  Hearts  of  Frogs,  Vipers,  Eels,  &c.  fecm  to 
evince  the  Rcafonablenefs  of  this  Conjecture,  by 
continuing  their  Syjloles  and  cDiaftoles  after  they 
are  taken  out  of  the  Body  ;  when  there  is  no  re¬ 
fluent  Biood  to  dilate  the  Ventricles,  and,  confe- 
quently,  if  there  were  no  Fibres  upon  the  Stretch, 
when  the  Heart  is  contracted,  which,  by  their  Eiaf- 
ticity,  or  reftitutive  Power,  did  pull  back,  or  elon¬ 
gate  fuch  as  were  contracted,  there  could  not  pof*. 
Ably  be  any  cDiafto!e  in  fuch  Circumfiances. 

CXXII. 

We  are  affured  by  Mr.  Boyle ,  in  his  Bkyfico - 
Mechanical  Experiments ,  that  the  FIcart  of  an  Eel 
hath  continued  to  beat  an  Hour,  in  an  exhaufted 
Receiver;  after  which,  finding  its  Motion  very  lan¬ 
guid,  and  almoft  ceafed,  by  breathing  a  little  upon 
that  Part  of  the  Glafs  where  the  Heart  was,  ic 
quickly  regain'd  Motion  j  and  an  Hour  after  that, 

finding 
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finding  it  almoft  quite  gone,  he  was  able  to  renew 
it,  by  the  Application  of  a  little  more  Warmth. 

#  CXXIIL 

The  fame  illujlrious  Author  further  affures  ns, 
that  he  has  fometimes  cut  the  Heart  of  a  Flounder 
tranfverfely,  into  two  Parts  •>  and  freeing  each  from 
fhe  Blood  it  contain’d,  he  obferved,  for  a  confi- 
derable  Time,  that  both  of  them  together  continued 
their  former  Contraction  and  Relaxation.  And 

once,  thus  cutting  one  into  feveral  Pieces,  he  found, 
to  his  Surprize,  that  they  not  only  moved  as  be¬ 

fore,  but  that  even  the  Whole,  thus  feparated,  long 
prcferved  the  fame  Succeffion  of  Motion,  as  appeared 
therein  whilft  coherent. 

CXXIV. 

Now  Can  the  <rDiaftole  of  the  Heart,  in  thefe  Ex¬ 
periments,  be  accounted  for  upon  any  other  Prin¬ 
ciples  than  thofe  we  have  laid  down  ?  Here  was  no 
Impulfe  from  the  refluent  Blood  to  dilate- the  Auri¬ 
cles,  or  to  diftend  the  Ventricles.  The  Prefllire  of 
the  Atmofphere  was  alfo  quite  taken  away  in  the 
firft  Experiment,  and  could  not  poflibly  be  of  any 
Service  in  the  laft  ;  and  yet  the  ^Diajtole  continued. 

exxv. 

Can  the  fame  Fibres  which  are  contracted,  have 
it  in  their  own  Power  to  fly  out  again  to  their 
ufual  Lengths?  If  this  cannot  be,  what  Power  is 

there 
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there  in  a  Heart,  taken  out  of  the  Body,  to  unbend 
itfelf,  or  to  dilate  its  Ventricles,  after  they  are  once 
contracted,  unlefs  we  fuppofe  feme  of  its  Fibres  to 
ad  as  Antagomfts  to  others  >  * 

;  .cxxvi. 

We  have  good  Reafon  therefore  to  believe  that 
feme  Fibres  of  the  Heart  are  always  ftretched  out 
beyond  their  natural  Tone,  when  others  are  con- 
traded  5  fo  that,  by  their  elaftic,  reftitutive  Property,  , 
they  do  ad  as  Antagonifis  in  a  certain  Degree. 

cxxvii: 

In  regard  to  the  Syftole,  in  fuch  Hearts  as  are 
taken  out  of  the  Body,  and  cut  into  feveral  Pieces, 
we  conceive,  that  as  long  as  Warmth  and  Moifture 
remain,  fo  long  may  the  ethereal  Matter  in  the 
Nerves,  continue  to  fly  into  the  Fibres,  and  con- 
trad  them  ;  and  wlien  it  ceafes,  more  Warmth,  or 
a  gentle  Impulfe  (even  with  the  Point  of  a  Needle 
only)  will  revive  the  Motion. 

CXXVIIL 

Hence  we  may,  in  feme  meafure,  difcover  the 
amazing  Subtiity  of  the  nervous  e yEther  ;  when 
fuch  very  fmall  Sedions  of  the  Nerves,  as  in  the 
above-mention  d  Experiment  upon  the  Heart  of  a< 
Flounder,  fhould  contain  Matter  fufficient  for  fo 
many  Contradions.i 


gxxix; 
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CXX1X. 

# 

Let  us  now  return  to  our  fecond  Query ,  and  exa¬ 
mine  whether  the  nervous  <iyEther  is  tranfmitced 
from  the  Brain  to  the  Heart,  in  a  pulfatory  Man¬ 
ner,  at  equal  Diftances  of  Time  5  or  whether  fome 
Interruption  is  only  given  to  its  Influx  into  the 
mufcular  Fibres,  when  the  Heart  is  in  its  Syftole . 

cxxx. 

In  order  to  underftand  this,  we  muft  look  back 
and  confider,  that,  according  to  our  Theory,  if  the 
ethereal  Medium  in  the  Nerves  was  perpetually 
flying  into  the  mufcular  Fibres  of  the  Heart,  it  would 
be  conftantly  contracted,  notwithftanding  the  Mo¬ 
mentum  of  the  Blood,  the  Contraction  of  the  Auri¬ 
cles,  or  the  Vis  Refiitutionis  in  the  flretched-out 
Fibres.  Hence  then  it  is  evident,  that  the  alternate 
Contractions  and  Dilatations  of  the  Heart  pro¬ 
ceed  from  an  alternate  Influence  of  the  nervous 
c \yEther$  but  how  this  Alternation  happens,  when 
the  Nerves  which  fupply  the  Heart  are  nor,  in  the 
leaft,  under  the  Direction  of  the  Will,  is  the  Diffi¬ 
culty  we  labour  under. 

CXXXI. 

In  all  the  Nerves  which  fupply  the  voluntary 
Mufcles,  it  is  certain  there  are  Reflriclions  in  fome 
Parts  of  them  which  the  ethereal  Matter  is  not  able 
to  dilate  without  an  additional  Impulfe  from  the 

Willj 
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Will  *y  or  otherwife  Cramps  and  Convulsions  would 
perpetually  happen-  But  in  thofe  which  Supply  the 
Heart,  the  Motion  of  the  c yEther  through  them 
cannot  have  any  Affiftance  or  Impulfe  from  the 
Will,  as  nor  being  in  the  leaft  under  its  Influence, 
fo  that  the  Vibrations  of  the  Meninges  of  the  Brain, 
and  the  Dilatations  of  the  Arteries  may  be  fuppofed 
to  be  the  Agents  which  propel  the  <^/Ether  towards 
the  Heart. 

CXXXIL 

Hence  then  it  feems  to  follow,  that  the  alternate 
Contractions  of  the  Heart  may  proceed  from  the 
alternate  Impreffions  made  on  the  Nerves,  by  the 
Meninges  of  the  Brain,  and  Dilatations  of  the  Arte* 
ties.  *  ; 

CXXXIIL 

Upon  opening  the  Sculls  of  living  Animals,  the 
cDura  Mater  may  plainly  be  feen  to  have  its  Syjlo - 
les  and  ^Diajloles  corresponding  to  thofe  of  the  Ar¬ 
teries  5  but  Since  the  Heart  continues  to  beat  after 
the  Head  is  cut  off,  or  even  after  it  is  taken  out  of 
the  Body,  where  there  cannot  be  any  alternate  Suc- 
cuflions  made  on  the  Nerves  by  the  Meninges  of 
the  Brain,  or  by  the  Pulfation  of  the  Arteries,  it 
feems  reafonable  to  believe  that  this  Alternation  is 
occafion’d  by  Some  Impediment  being  given  to  any 
further  Influx  of  the  e^/Ether  into  the  mufcular 
Fibres  of  the  Heart,  when  it  is  fully  contracted  5  or 
otherwife,  the  Heart  would  conftantly  remain  in  a 

H  State 


s 


/ 


[  58  ] 

State  of  Contradion,  as  long  as  there  was  any  tfthe* 

'  real  Matter  flying  from  the  Nerves. 

CXXXIV. 

If  we  confider  in  how  many  different  Diredions 
the  mufcular  Fibres  of  the  Heart  run,  how  much 
they  are  corrugated,  thickened,  and  f welled,  when 
fully  contraded,  and  how  ftrong  and  uniform  the 
Preffure  muft  be  in  their  greatefl:  Degree  of  Adion ; 
it  may  not  perhaps  appear  unreafonable  to  think  that 
the  Extremities  of  the  Nerves,  which  are  inferted 
into  every  Fibre,  and  which  are  extremely  fmall 
and  tender,  may  be  prefled  upon  and  fqueezed,  fo 
as  to  prevent  the  Influx  of  the  <^yEther7  till  the 
Preffure  is  abated,  or  till  the  Fibres  are  extended 
again  to  their  ufual  Lengths. 

CXXXV. 

What  feems  to  evince  the  Reafonablene fs  of  this 
Suppofition  is  the  Nature  of  the  Shaking  ‘Palfey  > 
where  the  voluntary  Mufcles  immediately  become 
involuntary  ones,  fo  far  at  lead,  as  to  be  alternately 
contraded  and  relaxed  without  the  Confent  or  Di¬ 
rection  of  the  Mind. 

CXXXVI. 

Now  this  Diflemper  we  believe  to  proceed  from 
a  particular  Weaknefs  in  the  Nerves,  whereby  thofe 
little  Reftridions  in  them,  which  keep  the  ethereal 
Matter  within  due  Bounds,  in  a  State  of  Health, 

i ' 
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arc  fo  far  weaken’d  and  deftroyed,  that  the <iy£ther 
has  a  Power  of  flying  into  the  mufcular  Fibres 
without  any  Impulfe  or  Direction  from  the  Will, 
after  the  fame  manner  it  does  into  the  Heart.  If 
therefore  no  Interruption  was  to  be  given  to  the 
Influx  of  the  nervous  <^/Ether  by  the  Mufcles 
themfelves,  when  they  were  contraded,  it  would 
follow,  that  if  the  Flexors  of  any  Limb  were  to 
be  firft  contraded,  the  Extenfors  would  not  be  able 
to  recover  the  ^ Equilibrium ,  and  to  be  contraded 
in  their  Turn,  without  the  Afliftance  of  the  Will  > 
for  if  our  Dodrine  be  right,  viz,  that  mufcular 
Motion  proceeds  from  the  conftituent  Particles  of 
the  Fibres  being  drawn  into  clofer  Contads  by  the 
attradive  Influence  of  the  nervous  o Father,  it  ne- 
ceflarily  follows,  that  if  the  fame  Quantity  of  c^yEther 
was  continually  to  fly  into  a  Mufcle  already  con- 
traded,  it  would  have  a  greater  Influence  on  the 
component  Particles  fo  approximated,  than  on 
others  in  the  antagonift  Mufcles,  which  are  diftraded, 
and  confequently  touch  each  other  in  fewer  Points, 

CXXXVIL 

i  * 

Hence  it  feems  to  be  evident  that  fome  Impedi¬ 
ment  is  given  to  the  Influx  of  the  nervous  (^yEther 
when  the  Mufcles  are  contraded,  or  otherwife  that 
they  would  always  remain  fo  5  for,  though  the  Will 
may  be  able  to  remove  fiich  little  Impediments,  and 
to  keep  the  voluntary  Mufcles  in  a  State  of  Con- 
tradion  for  a  confiderable  Time  i  yet  fince  the  vo¬ 
luntary  Mufcles,  when  affeded  with  a  Palfy,  are  re¬ 
gularly  and  alternately  contraded,  and  have  their 

H  2  Syftoles 
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Syfioles  and  cDiaJloles  analogous  to  the  Heart  and 
its  Auricles,  I  think  we  have  good  Reafon  to  con¬ 
clude,  that  the  fame  Principles  which  contract  and 
dilate  the  voluntary  Mufcles,  in  the  above-mention'd 
Condition,  are  the  Principles  which  occafion  the 
Syfiole  and  cDiajlole  of  the  Heart,  with  this  Dif¬ 
ference  only,  that  the  Influx  of  the  Blood  into  the 
Sinufes  of  the  Heart,  is  what  no  other  Mufcle  in 
the  Body  has  or  receives  5  and  without  Doubt  this 
may  truly  be  reckon'd  the  greatefl:  Afllftant  in  di¬ 
lating  the  Ventricles  of  the  Heart,  after  the  attract¬ 
ive  Influence  of  the  nervous  c_/Ether  ceafes,  and 
the  c/ ^Equilibrium  is  reftored  between  the  ftretched- 
out  Fibres  and  thofe  which  were  contracted. 

CXXXVIIL 

What  has  been  faid  feems  greatly  to  evince  the 
Truth  of  our  third  and  lajl  Suppofition;  viz.  that 
the  ‘Diaftole  of  the  Heart  may  depend  on  an  Abate¬ 
ment  of  Tendon  in  the  contracted  Fibres,  a  Vis  Re- 
Jlitutionis  in  fuch  as  are  over-ftretched,  and  the  In¬ 
flux  of  the  Blood  conjunctly. 

CXXXIX. 

Give  me  Leave  to  relate  two  or  three  Experi¬ 
ments  which  I  have  made,  in  order  to  illuftrate  the 
foregoing  Theory,  and  then  I  fhall  conclude. 
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•'  •  I 

CXLI. 

Experiment  L 

Haying  obferved  that  the  Ventricles  of  the  Hearts 
of  all  Animals,  when  bled  to  Death,  are  dilated,  or 
(land  wide  open  to  a  certain  Size,  though  there 
happens  to  be  very  little  Blood  in  them,  it  feems  as 
if  the  'Diaftole ,  in  a  certain  Degree,  was  the  laft 
Motion  of  the  Heart.  In  order  to  know  the  Truth 
of  this,  I  open'd  the  Thorax  of  a  Dog,  and  kept 
his  Lungs  playing  with  a  Pair  of  Bellows,  that  I 
might  perfectly  fee  the  feveral  Actions  of  the  Heart 
and  its  Auricles. 

CXLII. 

The  Auricles  feem'd  to  me  to  begin  the  Motion, 
and  the  Syftole  of  the  Heart  always  inftantly  followed 
that  of  the  Auricles.  Then  the  Apex  and  Sides  of 
the  Heart  funk  down,  and  were  lengthen'd  of  their 
own  accord,  before  any  Blood  was  thrown  into  the 
Ventricles,  from  the  Contraction  of  the  Auricles  j 
for  there  was  oftentimes  more  than  double  the  Time 
taken  up  in  the  cDiaflole  of  the  Heart,  than  the  SyJ\ 
tole  both  of  the  Auricles  and  Ventricles  required. 

CXLIII. 

If  I  defifted  from  blowing  frefh  Air  into  the 
Lungs  for  fome  little  Time,  the  Heart  would  lie 
ft  ill,  and  yet  I  could  recover  its  Motion  again,  by 
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ftrongly  diftending  the  Lungs.  In  this  Action  I  never 
could  difcern  that  the  Heart  began  the  Motion,  but 
the  Auricles  always  contracted  firft,  and  then  the 
Heart  immediately  afterwards^  though,  at  laft,  I 
faw  feveral  Contractions  of  the  Auricles,  which 
were  not  fuceeeded  by  any  Motion  of  the  Heart. 

;■  -  cxliv. 

I  rnuft  not  forget  to  mention,  that  in  another 
Dog  I  faw  feveral  Syftoles  and  ‘Diaftoles  of  the 
Heart  after  I  had  purpofely  cut  afunder  both  the 
Vena  Cavas ;  and  could  plainly  perceive  the  Ven¬ 
tricles  to  relax  and  open  themfelves,  when  very  lit¬ 
tle  or  no  Blood  could  poffibly  flow  into  them. 
This  however  is  much  more  eafily  feen  in  the  Heart 
of  a  Viper,  when  taken  out  of  the  Body,  which 
will  continue  its  Syflole  and  Diaftole  for  a  long 
time*  and  if  it  ceafes  to  beat  ever  fo  often,  and 
you  renew  its  Motion  again  and  again,  by  breath¬ 
ing  upon  it,  You  may  obferve  that  the  Auri¬ 

cle  always  contracts  before  the  Ventricle,  and  that 
the  cDiaftole  is  the  laft  Motion,  though  there  is  no 
Blood  to  diftend  the  Heart.  . 

CXLV. 

The  Capacity  of  the  right  Ventricle  of  the  Dogs 
Heart,  in  the  above  Experiment,  as  it  open’d  of  its 
own  accord,  was  fomething  more  than  a  cubic  Inch, 
as  I  found,  by  pouring  in  melted  Wax  from  a 
Ladle,  without  any  Preffure  from  a  perpendicular 

Height, 
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Height,  after  the  Auricle  and  Blood-veffels  were  cut 
off  tranfverfely. 

CXLVI. 

Experiment  II. 

Taking  the  Heart  out  of  an  Ox  as  foon  as  I  pof- 
ftbly  could  after  he  was  kill'd,  and  having  cleanfed 
it  from  the  Blood,  by  wafhing  it  in  warm  Water,  I 
fill'd  both  the  Ventricles  with  melted  Wax,  with¬ 
out  any  diftending  Force  more  than  by  pouring  it 
from  the  Ladle.  The  Heat  of  the  Wax  feem’d 
rather  to  contrad  the  Fibres,  and  to  leffen  the  Ca¬ 
pacities  of  the  Ventricles;  for  fome  of  the  Wax 
kept  running  out  from  the  Heart  after  I  had  done 
pouring  it  from  the  Ladle. 

CXLVII. 

The  Capacity  of  the  right  Ventricle  was  equal  to 
5!  cubic  Inches.  The  Capacity  of  the  left  Ventri* 
cles  was  not  quite  5  cubic  Inches. 

CXLVI1I. 

From  thefe  Experiments  it  manifeftly  appears, 
that  the  laft  or  reftitutive  Motion  of  the  Heart  is  to 
dilate  or  open  the  Ventricles,  and  that  without 
any  Affifiance  or  Impulfe  from  the  refluent  Blood. 
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CXLIX. 

Dr.  Hales  *  injected  the  left  Ventricle  of  the 
Heart  of  an  Ox  front  a  Column  of  melted  Wax 
Feet  high,  which  diftended  the  Capacity  of  it  to 
12.  5.  cubic  Inches.  Now  fuppofmg  the  Impulfe  of 
the  refluent  Blood  to  be  equal  to  a  Column  of 
melted  Wax  4-  Feet  high*.  and  that  in  every' 25/^- 
ftole,  whilft  the  Ox  was  alive,  the  left  Ventricle  was 
diftended  to  the  Capacity  of  12.  y,  cubic  Inches, 
yet  we  may  obferve  that  the  Heart,  immediately  after 
each  Syftele ,  relaxes  and  dilates  its  Ventricles  to  a 
certain  Degree,  by  its  own  Mechanifm,  and  to 
.whatever  Capacity  the  Ventricles  are  afterwards  dL 
Hated,  it  muft  neceflarily  proceed  from  the  Impulfe 
of  the  Blood  only  5  all  which  is  perfectly  agreeable 
to  our  third  Query >  viz.  that  the  'Diajlole  of  the 
Heart  may  depend  upon  an  Abatement  of  the  Ten- 
fion  in  the  contra&ed  Fibres,  a  Motion  of  Reftitu- 
tion  in  fuch  as  are  over-ftretched,  and  the  Influx  of 
the  Blood  conjunftly. 

CL. 

Experiment  III. 

I  took  the  Heart  out  of  a  live  Viper,  and  placing 
it  upon  a  Piece  of  writing  Paper,  I  found  it  beat 

at 
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